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P.REFA^'E 

During the pa^t few yeara f>p much fruitful research work has 
been carried out in nietallogra])hy, crystallogmpliy, electro- 
<^li(iinistry, coftoid t^heinistry, and geoudiemistry that we arc enabled 
to ajuproach the subject of metals in a,naitogctheriuyy spirit. It is 
now possible to .suggest reasons for phenomena which at one tim^ 
appeared inexplica.bh% and to deted. regularities where once the 
facts seemed (J^iaotic. Ad\'aufage should sunly be taken of the 
new aspect of thg subject in (he te.xtbooks. The traditional 
pra<!tici»ot giving long “ catalogue.s oWiaTts ” and emiiirical accounts 
of metallurgical processe.s, is no doidit of use for books ".f refi'rence. 
Bid*in hooks iidended for contiiuious readhig, such a method is 
far tf)o unin-spiring, and should be abaniloued now that knowledge^ 
lia-s advail«;d«suiliciently to offer somelhing better. 

Jn this tiook, an attempt is made to correlate causc*and effect, 
and*to introduce such theoretical views as will serve to connect 
^he known tacts in an ordered and eh'gant scqujmce. The book 
is intended for'the advanced student rtf iiiorganic and metaljur- 
gt<'al (hemistry, and for those engaged in research in these subjects. 
The iiufustriSl chemist will, 1 hojie, also find it of assistance, whilst 
certain portions (e.g. tlwir*^ dealing with work-hardening, rccrystal-' 
lization, th(! (.4icct of impurities.ou metals, and corrosion) should 
prove u.S(!ful to thj^ Engineer. • • » 

The (lifiicultics •>vhieh I have experienced in writSig the book*' 
have served to convince jne that the work is realty ne(dcd.* Much 
infoi'ination whiaJi I regard as being oftihe greatf-st importatice I 
have founcl scj^ttered throtifh the recent volumes of the scici|tiflc 
iflid technical jQjirnals—in many case.s in^journals whi«h arc jwt 
commonly,considered as T^ing dqvotcd to, chemistry at alh and 
whicH appear sometftnes tc»Jiave escaped the notice erf, the writers 
of standard chemiejal textbooks. 

Cff thc,four volumes, th* lirsjjis of a*gcnerS.lized character. 
begins with an Introduction^ which I hav^ »5nd<avoprcd to con¬ 
dense the elementary principles'of gei^ral chemistry, physics an'd 
geology, ^ knowledge of wBich the readier is assufin^ in th6 body 
of t^e work to possess. The body of,Vol\jip,e I isyiiyided into two 
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parts, “The Study ofithe Metallic«Stal*” (Metallography) and 

The ^tudy*of Uie Icfae^ate (Electrochcraifitryj. ffhetowt#!- 
lographic portion ihelud& the effegte of <morma*ion, «,nnealing 
ancUalioyigg on the projtortics of metals; the mectroejiamica^portion 
includes such svbjects as the structure of precipitates, Jhe c^Uoidal 
state^ eW',iA>-deposition and corrosihn ; if clSfje* With a ^ma^tcr 
on radJUtotivity. By the treatment of the meta^lograf)hy Md 
*electrot!(iemistry of, metals in a general fashiofi, with examples 
chosen from ind)vf(,lual' metals, these two subjects are presented 
in a more satfsfactory mamier than it they were introduced piece¬ 
meal in the so tions devoted to the different metals. In addition, 
a great dcal^of wearisome repetition i.s avoided in the subsequent^ 
volumes. ( c *' 

' The chapters dealing with eleetroehemistry have presented 
special difficulties. I do not believe it possible to obtain a proper 
understanding of the ehemi.stry of metals without some knowledge 
of electrochemistry and colloid chemistry. In order to*"-throw 
open these subjects to all, I have made the treatment, as far as* 
possible, ntn-mathematical. A great obstacle to the attractive 
presentation of electrochemical principles is the barbarous «har- 
acter of the nomenclature in u.se ; I have not felt justified in Intro¬ 
ducing a new nomenclature, but have tried to make me best of 
the existing terms, selecting a terminology which will be definite, 
even if it is not dignified. 

In Volumes U III and IV, I deal one by one with tile individual 
metals. The order observed is based upon the Periodic 'J'able in 
a form similar to that made jiopular by Sir James Walker. The 
old form of the Periorlie 'Pablo vhich classes aodiufh along with 
copper has now—it is to he hoped—few rctive su])porters, although 
it still ornaments the walls of our lecture thcatres^Und appears to 
..hid favoin with th<3 authors of chemical treatises based upon the 
‘ classical ipo*dcl. In the nqw table, which accords weC with the 
ehemical and eltctrochemical projierties. of tne elements and is 
in harmony with moderit ideas of the struoture»of the atom, the 
eleil lents can be divided into three maiv classes, and J have allocated 
a (different volume to eij ch class. Volume II dea[,s with the metifts 
of the “A Groups,” Yolumc III with |.tio “ Transitior^ Elements ” 
(“ Group Vi*II ” of the old table), whilst Voliffne IV deals with the 
metals of the* **■ B Groups.” 

«* yhe space devoted to each m^otal is divided into^ three illain 
sections. The first' dpals with the nvital and its compounds from 
the point qf view of the ajiademhal laboratory. The pure chem¬ 
istry of the mptdl amj its co;npounds is here disousseiJ ; nc^refercnce 
to oresj technical prqqopscs. and industrial application is ma^e in 
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tjjis section, which is ^iherelbre {*Sr!v coRcise; ‘Jl'h® section ends 
wjtlf rfsunlraary of the methods of analysis'5f the»metJl.l in.q^uestion, 
although‘the book ijtnot intended as a practical'analytical hand¬ 
book.^ 

Thr; secofftl ^scctiyn deals shortly with the terrjStriqJ occufrence 
of i^e mbtal in (fusstiorf, starting with its origi'^in the roi^i-inugma, 
and discussing the probable mode of formation of the iWi^ortan^ 
ores dnd minerals, both piimary ai^d si^onrijiry. *, 

• The thircl section—which ^s often the,longoet-«-is,of a technical 
character. We af^art with the Ore or mineral, and follow the uietal 
through the processes of concentration and smeltSig, and finally 
consider the practical uses of the element, and of cojnpounds con- 
tainltig it; I have tried to show why the properties oJtho individual 
metal—as stated in the theoretical section—render it suitable for 
the various uses to wMlch it is put, and to make the technical section 
a correct sur\«ty of industry carried on at the pre.sent time ; I 
have only referred to obsolete methods 4 )f procedure in a few places 
where Such a reference is thought lo be instructive. • 

Stress has been laid on the imjiortant points, which have been 
illustrated by a few chosen examples in order to avoid burdening 
the rcadejf with a mass of names and numbers, which ho jvill not* 
retain, an^ which can be looked up when required in a table of 
pliyjical constants or in a detailed book of reference. Proper names 
have largely been concentrated in the footnotes, and thus kept out 
»>f the ^ext; I,have written a book about chemistry—not about 
eliemists. Likewise the figures are frankly diagrammatic, dmwn 
to onijiliasii^c the salient points ; in the diagrams of technical 
plants much' that is of merely Structural importance is omitted. 

I have only employed ^h% historical order of description where it 
happens also tb be Rie logical «rdcr. 

Throughout th^»bo,ok numerous referenee.s* are g^v^n, in f«ot^ 
notes, to^scientific^nd technical litcfature ; th^se sho*ild,be con¬ 
sulted by the reader wBo wishes to study any given part jif the 
subject in greatc^ detail. In .selecting tlie.se references, I have not 
given preferenec to thoworM of the aetual,originators of the valious 
theories or procw>.ses, but ^lave sought fatSer to provide the reader 
with, the most recent infcrmation regarding the matjer under 
discussion. The recent papers themselves will i^jcluEe references 
to the earlier ones, Whilst the converse is j'learl^ npt true. , 

In subjeets regai-ding \Pliich/disagreement prevails at preschf, 

I have in most cases departed from the u.s<jat cu^m«of giving in 
turn a summary of the vioWs aclvanccd by the various* disputants, 
as this practice is apt to feavo the rc’ader hopelcsifiy bewildered. 
Rather, I have endeavoured* to suggest*a.8tandp»in^ which the 
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average reader n^ay sa{3ly ^opt as ^ working hypothesis, unM 
further/?seaA:h inall^'djcidos the question uhder* di^utS.' H, 
however, the subject happens to be one of sffecial interest to the 
reader,‘he (^lould consult the references in the,foot-ifoi[es, nrR|. form 
his.pfe opifjioi^ In these foot-notes, ho wilj. find, ;^orenc,:s to 
maiiji aufborities wlroso views are not held by th^ present wr^«r. 

As a'lMdy stated, great elToriS have been made to reiider the 
book as*“ up-to-dafjp»” aa possible, but I have not concealdli the 
fact that uncertainty still, prevails one many parte of tlie subject,' 
and that research is continually bbing conducted to settle these 
doubtful points. I have endeavoured to prepare the reader to 
revise his owji opinions without undue reluctance every time he 
may open a scientific joifrnal. ' 

I wish to return thanks to the numerous friends who have very 
kindly given information or advice, Especiiilly would I mention 
Mr. Cr T. Heycook, Dr. E. K. Rideal, Prof. H. C/"H. Carpenter, 
and Mr. Maurice Cook. M’’. Cool^ has prepared the micro-photo- 
graph8>ccorapanying V'olumcs I, III and IV of the book, fad has 
shown mucli' skill and patience in obtaining results which illus¬ 
trate clearly the points deijcribed in the text. 


Cambeidge, 1923 . 


U. R. E. 
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invariably later. 




GRJOUP U 



THE ALKALI 

METALS 


Atomic 

Normal Electrode Potential 


Weight. 

(Hydrogen ^ale). 

Litlniim 

6-94 

*—3 027 volts 

Sodium 

. 2300 

-2-716 „ 

Potassium. 

• 39T0 

-2-926 „ 

Rubii^um . 

•'. 85-45 

-2-928 „ 

Caesium 

. 132-81 

-- 


/') Th^^jrst group of elements consists of nv 2 tals ijossessing properties 
very different from tliose wliich we are accustomed to associate with 
metals. Thsy*aro all highly reactive substances, standing at the 
negative end of the Potential Series ; so reactive are they Chat they 
decompose wjter with great violence, hydrogen being produced. 
The hoat-evolutjon of the reaction is so great tha* the hydrogen 
in most: cases catches fire. The groat reactivity with water is 
certainly*«c!onni!ctcd, not only with the electrochemical character 
of the metal3,’l*ut also with the solBbility of the hydroxides. These 
arc well-defined^compoun’d.s»of most pronounced basic character. 
They lo.se their combip.cd water cmly with the greatest difficulty, 
and it is in most c!ifcs impossible to prepare the anhyijrftus oxide 
mendy by *fiQatingttbe hydroxide. lit this respect the^ pj’esent 
a striking contrast with the so-called “ hydroxides ” of the heavy 
•metals, in w'hich the water appears to be very lodkcly combined. 
T(je dissolution Rf the oxide*fir hydroxide jn acids is attended tiy 
great evolution oMieat, a fi^t which illustrates the strong basicity 
^f the j3omj(bunds. jAjioth^ distinguLshhig feature of th^ group, 
due to the same cause, is that the oxides cannot—with thib exception 
of litJiium oxide—be prepared by heating the nijraite or car^ionate ; 
the acid dbnstitucnt of these sal^ is too* firmly %ed. The salts 
are mostly very well-defined iJrystaUine bodtes.* The normal, salts 
of strong acids* are praetioa])y vinhydroiyaed and^enesally react 
neutral to*ordinary indicators. The salfs are ki almoSt every C 4 se 
without colour, except where •they a»3 ddiiired fpom cSloured 

ii.e.—VOL. II. . " • * • . • 






2, METALS AND METALLIC C(5mS>0UNDS 

acid. Anothef ifoteWorth^ lact is-tnat—witn a lew unimportant 
exceptionst-allithc ialts are freely soluble in* water.' 

The're^ is in- each c^se only on# class dt stable compounds, in 
w.hieh the metal is monovalent; peroxide% and^olysifl^ides are 
known, bjit tlv,!se are comparatively unstable ijpbstances, and behave 
as thof-gh pai^ c/ the oxygen or sulphur* were Wosely attached. 

It i.s noteworthy that lithiufn, the lowest mepalipr of ^lie group, 
differ.'^ in several fespccto from all' the others, and ha^ certain 
points of resemblance to the metals of the succeeding Group Ifei. 
It is chemically less reactive than the othei* metals, although, 
curiously enough, it appears to have a distinctly more negative 
electrode potential than the other elements—an anomaly^ whid* 
seems to require an e.^ptanation. 
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Atomic .^eigVt (i'Otf 

Tlie Metal 

Freshly prepared lithium is a metal displaying a hnght silvery 
lustre, but the surface quickly tarnishes when expose?! to a damp 
*tmosj)hore. It is the lightest solid known, the specific gravity 
being about O Sill. The metal is softer than lead, altl^ough harder 
than the other members of Group Ia. It melts at 180° C. 

Tathium is the least rfac^live metal of the group, but nevertheless 
it decoigi)oses wdter ix'adily. When a piece of lithium ia th'rowp on 
to water, it floats on the surface, hydrogen being freely evolved ; 
lithinnf hydroxide is formed in the solution, which acquires an 
alkaline reaction. The i^eat generated by the change is, however, 
not sJVgrcat as to cause the ignition of th# hytlrogen or even to melt 
the lithiuqj. Needle.ss to say, the metal also evolves hydrogen 
from dilute,aculs. 

Aft,has been stated, the metal quickly tarnishes in damp air, 
although it is unaffected by dry air at ortlinary temperatures. 
When heated inair, lithium first melts, and then takes lire, burning 
wi^h a tirjght white flame, and forming lilliium oxide. The bright¬ 
ness of tlje fla^^ie is no doubt due to partides^of incandescent lithium 
oxide. ’* * 

Laboratory Preparatioi!. The metal can be prepared by the 
eleetrolysis of the fuseAchfoiide, Ifut it is more convenient to use a 
mixture o^the bri«nid» and chloride, as sudi mixtviri? melts at^ 
a lower ternperatilix* 'PJie mixture, ‘containing,,85 pur cant, of 
j bromide, is fused in a coj)per pot. A cagbon rfld anode, and^two 
iron w.res,*vvbich serve as cathodes, arc introduced, and are joined 
f.ffa battery givTiig an E.M.F. of 10 volts. .Shining beads of jiyinim 
soon a])pcar at the cathocl^s, and may'be removed from time to 
' time with an iron ladle.' ^ * 

Since the metal de^annposes water, it is useless to and prepare 
it liy the^ electrolysis of an,aquqpus solution af ft salt, b«it when 
a solution of lithium chlorulc in pyridine is electrolysed, the metSl 
is produced as a silvery coating ypon the cathode.* • • 

' O. Ruff and O. .Joliannson, Zcitsch. Elektrochfm. ^ ^90fi), 18fi. • 

= 1,. Kahlenl)eig, J. l‘hys. Cham. 3 (18»9), Oq^ * * 



4 METAIi? AND‘METALLIC CbMPOUKDS 

Cotnpounds 

• I 

Lithium oxidd, Li,0, is formei when tSie metal is Lurnt in air. 
IJnliJte tjje oxides of tne other alkali metals, it ntay als6 lu) formed 
byheatiijg the nitrate. This facH; shows thf^ lithiufn oxiclonis less 
fSasic llaan thc'ojides of the other metalk It iil-best oBtaincd Jn a 
staWof purity ' by heating thfc carbonate in a current o^ydrogen 
at 78(1-800° C. The pyre pxide is a white substance. It fcombincs 
with water far lcss,rcadily than the oxides of potnesium and sodiuai, 
another circumstance quite in keeping w ith the Jess active character 
of'lithium. 'ft does, however, slowly enter into combination with 
water, forming the hydroxide, LiOH, a soluble white crystallirS; 
substance ; J;he aqueous solution show’s an alkaline reaction and 
caustic properties, and slowly absorbs carbon dioxide from the air, 
forming lithium carbonate. 

Snlts. Most of the lithium salts are soluble,'colourlers, crys¬ 
talline bodies. They mar l,ic formed by the action of the acid in 
quest’on upon lithium hydroxide or carbonate, the .solution pro¬ 
duced being afterwards evaporated. The chloride, LiCl,, crys¬ 
tallizes in octahedra, and ii* very soluble in water and also in alcohol; 
it is .deliquescent, and forms various hydrates. Tlje nitrate and 
sulphate are also soluble crystalline solids. ' 

The carbonate, LijCOj, is less soluble than those of the'other 
alkali metals. It can in fact be obtained as a crystalli.ie precipita.te 
through the addition of ammonium carbonate to'a concentrated 
solution of lithium chloride, but no precipitate is formed when the 
solution is dilute. It is more soluble in water containing carbon 
dioxide, for under these circumstances, the acid carbonate, LiHCOs, 
is formed in the solution. 

Lithium Phosphate, LisP 04 , is an impbrbnit insoluble salt of 
t'lilhium, an'd is obtained qs a precipitate upon the addition of 
sodium piiosphate to a lithium salt solution, preferably made 
alkaline with ajnmonia. ' The solubility limit ir water.is about 1 • 
pai;t in 2,500 at ordinary tenqieratir^s. It is, however, soluble 
in dilute acids, and, by crystallization of the solu,t’on in nitric aei'd, 
a soluble acid phosphate, LiHaPO,,, ? obtained. 

In the solubility relations of its salts, Tithiurti forms a link between* 
the other alkck metals, which have very soluble phosphates and 
, carbonates, and the metals of tho succseding groups in which the 
pliosphates and'oar,boriates are insolqble. 

Lithium peroxide is precipitated when hydrogen peroxide and 
alcohol are added to a Solution of the hydroxide. The white 
\ ^ de'Forcra»i''J, Coitptes Rend. 144(1907), 1402. 
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crystals which appear in the stiution contani water,and hydrogen 
peroxide in cfiml»inatton*but yield tfie anhydrous ptroxidc (usually 
written Lijdj), when allowed t<? stand over^phosphorus p 9 ntoxido 
for som» w*ecks.i* 

Anaiytital 

, Most lithiu#n cornjjounds, moistened ^titl» ii.vTU’omuorie aciu- ana 
iiltroduced into the Bunsen flanle, impart !i»red cMdur (,o the flame. 
On examining the light from the dame through a spf!ctroscopet a 
bright red line an<l a u'eaker ydlow line may be .seen. Very minute 
frace.s*of lithium can be detected by means of the spectroscope, 
(rven in the jjresenco of other metals. • 

The analytical separalion of lithium from the metals of succeeding 
groups depiaids on the fact that mo.st of the latter have insoluble 
hydroxkles (and can therefore be precipitated with ealcinm'hy- 
, droxidc), or have in.soluble earbonate.s^aftd can therefore be pre¬ 
cipitated with ammonium earbonati!, in the. j)n«enee of ammonia). 
In buth cases, if the sol«tion is not too concentrated, the lithium 
reiriaifte in solution. 

The sepifratv)!! of lithium from members of its own grouj), which 
also, have soluble hydroxides and carbonates, dtqiends oi^ the fact 
that Rthium chloride is .soluble in amyl alcohol, whilst the chlorides 
oj sodium aild potassium are precipitated when amyl alcohol is 
added to a eoiJcentrated aqueous solution, and ctSi bo .separated 
byfilterifig the liquid. The filtrate containing lithium chloride c&n 
be evapdratojl, and converted, b^ heating with sulphuric acid, to 
lithium sulphate, in which form the lithium may be weighed.^ 

The method jtist describect is not exact, becau.se the precipitation 
of potassium and so^iiom is not quite complete ; for accurate, work, 
it is necessary to Riakif a small dediKdion froifi the weight of sR-- 
called lithiurh sulplufte fejund, on account of thctfimall wmttunt of 
sodium or potassium sulphate which it mice.ssafilj^ contains. . 

Amyl alcohol js an unplea'jjjnt .substance to work with, on account 
o? the odour an^^tho physiological action of the vapour. Other 
methods lu|,ve been worked out depemfing upon the solubility of 
lithiuifi chloride in other sdlvents, such as ilohutyl alqphci,’ or an 
ether-alcohol mixtufc *; in each case sodium ^pd potassium 
chBrides^rc nearly insolubJe in ihe liquid in quo.stion. 

^ de Forcrand, Comptes /iend.*130^{1900), 1405. 

* W. W. Skinifor and W. X). Qollius, V.S. f)ept. Agric.^^ur. Chem.t Bull* 

153 (1912^. • • 

* L. W. Winkler, Zeitsch. Anal. Chem. 52 (1913), 628. 

* S. Palkin, Chem.^oc. 38 (lgl6), 23^^. 
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i'ERRESTRfAL OCOUR^BNOE ' ' 

' ' » » 

Lithium is one of iho less common elements^occur^iijg in rock 

ma^ma,' and, during the solidification of an igneous Intrusion, 
^ends ||o*becdi{ie concentrated in the acjdic fjorfions wbiah are the 
last Jo solidify.' Thus granitt^ contains more lithium than do'tho 
basic jock.s, whilst the pegmatite veins which repfesent <i,bsolutely 
the last portions, of ar granitic magma to solidify are often com¬ 
paratively rich' ill lithiram minerals. Lithium^ compounds appear 
tahavc beei| given oil in the vaporous form during the final .stage 
of consolidation, and many of the minerals found in the neighbour¬ 
hood of igneous rock.s seem to have a pneumatolytic origin» Also 
the thermal waters given off by igneous intrusions contain an 
appreciable amount of lithium, which consequently appears in many 
mineral springs, notably those of Baden Baden; the medicinal 
valae of such springs is no doubt largely due to this elemefti.. 

The main lithium-bealiiy; minerals occurring in granitjc rooks. 
and <;)egmatite veins are the silicates : — 

Lepidolite (lithia mica) . . LiK[Al(0H,F).,]Al(ffi’0;,)3 

•Spodumene .... LiAlfSiOj), 

Petqllitc .... LiAl(SijOj )2 

Often associated with sjiodumene are the phosphates : — 
AmphlygoHite . . . Li(AlE)P 04 ,. 

. Triphylite .. .. Li(F(^Mn)POi 

Lithium minerals are often as.sociated with the ores of tin, another 
metal of which the ores appear frcquclitly to have, a pneumatolytic 
origin. The tin ores of the Black Hills, Dakota, are famous for 
fiicir eiKfrqjous crjstals of spodumene ; one ^urticular crystal has 
a face, ovpr 42 feet long, whilst crystals ,30 fret long.arc compara¬ 
tively common. . , 

By the weathering of rocks containing lithium, or hj the influx 
of'waters originating in piincral spriiiff.s, traces of lifhium are usual'y 
found in ordinary river water and comequently'ih the sea. More¬ 
over, sipce land plants and also scawcec?. have .the power of absorbing' 
the elemoni, minute traces of lithium are to be found in almost all 
vegetative prociugt^ ; ordinary tobacco ash, for instance, coniftins 
8(E appreciable fluantity of lithium, a ^act which cheihists who are 
searching for traced of the clement In other materials will do well 
to remember. 

Jn short, Itthium -is a very widely distributed elementf although 
present ui.ually*only ob' small, quantities. 
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The mosfr convenient»*minera^p to utilize as thg source ot lithium 
ire lepiclojite (litljia-mica) or spodumene ;*the forhier mineral is 
argel^ mined in Califtrnia, and^the latter in South Dallota.* • 

Like Either sili(;attf minerals,.they are insoluble. In wfeter, anjl, 
in the farm in which they occur 40 rocks, arc Cften only slowly 
ittackejf by aetds* If, howe^ver, the lithium mineral is fused, and 
ihen pourcd.into ^lold water, the rapid'coalin^ usually renders the 
mass brittle, andjt can readily be reduced to a’lifte ppwdcr which, 
HI account of the large surface presented, is fairly rapidly decom¬ 
posed by hot, concentrated sulphuric acid. -After digestion with 
this *eid, the mass, whilst still hot, is extracted with water, and 
filtered to separate the silica ; the filtra!e, eontains»tho sulphates 
)f all the metals present in the original mineral, the most important 
l)cing alumininpi, iiotassium, magnesium and lithium. 

By fldding potassium sulphate to tin; boiling liquid, most »if the 
ilumijiium is thrown down as the rmtlftr sparingly soluble double 
salt, alum (K 2 S 04 .Alj(S 04 ) 3 . 24 H 20 ) ; the rest of the aluminium 
is precipitated as hydroxide by the addition of calcium hydroxide. 
The Sulphates remaining in the filterfid liquid arc converted to 
dilorides'by the addition of barium chloride, and the liquid i# again* 
KUored to'separate barium sulphate ; it is then evaporaJ;cd to dry¬ 
ness. 

Of the chlorides present, only the chlorides of calcium and lithium 
are a pprecialily soluble in alcohol, and, can then^ore be extracted 
with i bat solvent. The calcium can afterwards be precipitated 
by ammomum oxalate as the insoluble calcium oxalate, leaving 
lithium—nearly free fr^im other metal.s—in the solution. From 
the chloride, T)thcr salts of lithium can be prepared. 

In an altcrnat^e'process, wliich was worked out in America, 
the use«of alcoffol i.s' dispensed wilji. After the rSmoval of’tl’^i' 
aluminium' the soTutio»i containing sulphates of lithiumr calcium 
and oth^r metals is treated with ammonia anfl ammonium oxalate 
to remove cajeium, and tfeo lithium is then precipitated from the 
filtrate as carl^^patc, b'y the addition of •potassium carbonated 

Lises ef Lithium Saifs. Various galt^ of lithium are u.sed for* 
medicinal purposes, being found useful in all ailnsentf—such as 
jjput and arthritic—which are coimected with‘the*presence of uric 
acid iif the system. It Ifappefts that lithium urate is more solpUe 
than the other salts of uric«acid, and it is commonly stated that the 
beneficial acjtion of lithium srdts depends on that fact; dToubt has 

• ’ • • • ’ • 

* H. Insley, V.S. 0ml. Surv., Min. Res. (1919)1! II., .17. . 

“ W. J. SohieHelin and T. W..Cappon,^/. S»(j,JC!hem.*Itvl. '41 fll908), 549. 
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been eipresSed, liowe«{er, aRj ^ whether fihis explanation is correct. 
The use of jithlum sa^ts in fnedifyne has, however, d«chAed so&ewhat 
owing* to the introduction of orgiinio dri%s. Apart from natural 
mineral' waters contaAiing lithium, “ lithia^watar ” (a*'v»gter con- 
tdipmg fithium bicarbonate and« aerated with carbtin dioxide) is 
rnanuf|cftiro(f on a considerable sdhle ; Hthium is often*introduced 
into ijpedicine asT.he carbonate^ whilst the salicylatg and ^e acetyl- 
salicylate arc also produce^, especially on the Continent, foi*medical 
purposes. 

Lithium hydroxide is'employed in the nickel accumulator, whilst 
lithium comj*aund,s have a limited use in the manufacture of certain 
glas.ses and glazes, 'their apparent function being to reduce th« 
viscosity. * * 
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Th4 Metal 

Sodium rescmbles*lithium in pliysical properties. It Is a white 
metal possessing a silvery lustre, but tarnishes verj^ readily in 
oijlinary air. It is lighter thaii water, although" distinctly heavier 
than lithium ; the specific gravity is 0-971. dt is very s^ft and can 
readily be pressed into the form of wire or ribbon by extrusion 
through an orifice at tho'ordinary temperature. It becomes softer 
still as the tempeiature rises, and melts at 97° C. ^ 

The metal boils at 877-5°. When light is^allowed to pass through 
!i long column of sodium vapour, it Smerges slightly bluislj in 
colour.1 On the other hand, when sodium vapour is itself heated, 
it emifJv.yellow light, of wave-lengths 5,89(i X 10"® cm. and 5,890 X 
10"* cm.,' corresponding to the so-called D-Iino (or D-pair) of the 
solar spectrurn." The yellow colour produced when traces (5 a 
sodiuflr compound are introduced into a non-luminous flamb is due 
to this cause. It is interesting to note that, at temperatures far 
belfiw those at \^iich it normally becomes luminou.-ii the vapour, 
wluui exjiosed to an intense light coming from a flame containing 
sodium, sli*)ws* yellow fluorescence, omitting light of the charactor- 
i.stic wave-lengths by “ resonance.*' Moreover, if the “ exciting 
light ” contains one lino (tf the pair only, consisting entirely of 
wave-length 5,896 X 10""^cm., the Mght given off by the vapour 
consists of this on* wave-length only, the litio corrcsfionding. 
to 5,890 X “lO'" cm., %'ing entirely al*ent.® 'When oxjjostM to 
white light, sodium vapour'also give® off ra^s of many other wave- 
Ihngths, and the rcstfltant fluorescence is green. • 

Sodium is mo»e reaotiye Wian lithium. It evolves hydrog(*i 
witli considerable <^olence wfcen brought-into contact with water,* 
sodium ^j?drflxide being forced. A fragment of sodium floating 
on the surface of water is caused to dart about owing to the genera- 
tion^f the hydrogen bhbbles, and so the heat cvolvoJis distybuted 
over the wiftc» But, if the nfbtion’of the fragment b,f impeded, th#« 
temperature becomes locally so^iigli that the hycRrogen calches^fire. 

^ H. E. E^scoe aau /i. ouiiuai/or, i rue. x\.uy. udi;. ^2 (1874), 

* R. W Wood, PhU. Mag. 10 (1905), 513 ; R. W. \\food and L.JDunovet. 
Phil. Mag. 27 (1914), 1018, 1025. • 



.METAJvS AND METj^LIC COMPOUNDS 

Sodium *s rcsftlily <>xidizedtif oxjiosed\o damp air. When heated, 
it burns rea(?ily with a yello^i flame fornjmg-a mixtire of bxides. 

Laboratory TPrejaration. the metal can be made from its 
compojmds in more than one way. Jt c».n bS prepare*! from the 
Hydroxide by heating it with'farboi|, bu/<, since the jetction is 
Ipghfy endothermic, a high temperature is nbeded for tl^e reduction. 
A Aorc convenient means ot supplying the (yic«gy nogdcd is pro- 
vid(fd by the clestrojytk method.* For demonstrating the formaj 
tion on a snwll scalQ, the original method Employed in ISC'? by 
Pavy, the^discovjTOr of sodium, can be adffjjtcd. A small stick 
of damp sodium hydroxide is placed in a platinum dish joined to the* 
negative pole of a 100 volt main. A platinum wire joined fthroilgh 
a ^use) totthc positi\*e wire of the main is used as anode, and is 
brought into contact with the upper partff the stick. 'I'lie sodium 
hydroxide melts, and after a short time globules of sodium appear 
oil the dish cathode. If it is desired to preplire sodiym in the 
laboratory on any consvhfable scale, it is best to imitate as closely 
as possible the technical method, described in the. technical section. 

It is clearly imjiossible to deposit mcWillic sodium olectrolytically 
from aqueous solution.* If, however, a concentrated sijKition of 
sodium hydroxide is electrolysed wdth a mercury cathode, a sodium-, 
mercury alloy (sodium amalgam) is obtained. Hawing prepared 
the amalgam, it is possible to drive off the mercury by distillation 
in an atmosjihere of piitroleum, metallic sodium being thus obtained. 
Sodium amalgam is further described below, 

Coripounds 

Sodium hydroxide, NaOH, is* formed wl;on sodium reacts 
with water. On eva|)orat.ing*the solutiqu, the fused hydroxide is 
■ left, artd.solidifk'S on cooling. It can be Ijitained from sodium 
carbymi^e by |^hc action fti calcium hydroxido (slakecf lime), which 
when mixed with a sodium carbonate solution, nrodiices sodium 
hydroxide add calcium carbonate 

, Na.CO,, V Ca(OU)a - 2NaOH -fJlaCO,. 

The reaction depends upon the fact^hat calcium caVbohfj.te is less 
solubfo than calcium hydroxide. By filtering off the precipitate 
of calpium*carbopate, a solution of sodium* hydroxide, still jjiixed 
twith some sqflium carbonate, *is obtained. 

Xhe hydroxidff, usually known'as “ caustic soda,” is a white 
solid, which melts at 210° C. It tl,oes not lose its water of com¬ 
bination od hcatiug. On exposure to damp air, it readily takes up 
more*w4tes, becomjpg moist on the surface, and absorbing carbon 
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(Jjoxide, if present, also. It is ^ry i*)lublo M water^ and evolves 
much he5t v^ieit it ’disitolves. The solutiorr, whi(»h i» strongly 
alkaline, also* readily absorbs cafbon dioxid(^ Sodium hydroxide 
dissolves«in*alcohdl, ancl, for that rea.son, the material jyeparo^ 
from s(^jum carhonatj can be pufificd from any traces of,the car¬ 
bonate whjcli may stiH remain mixed with it. Th<kftnpure ribustid^ 
soda is ej^.ractecU wjth alcohol, whicti dissolves the hydroxid# but 
not the‘carbonate, and a pure hydnexi^e js obtained *upon 
* evaiporating tlie filtered solution. ^ , 

Sodium oxide, ^ajO, is the anhydride of JMaOH., hut cannpt 
he made by heating the latter. Nor is it possihki to obtain such 
a* stro^ly ba.sic oxide by heating the nitrate or carbonate. It 
can be prepared, however, by the action (*f sodiiim mi the fused 
hydroxide. It is also formed by burning sodium in a limited supply 
i>f oxygen at a low tem])erature, hut usually, especially if the tem- 
jieratura becomes unduly elevated, the peroxide is produced along 
.with it. As commonly prepared, it «, greyish substance, but 
when quite pure it is said to be white. Sodium oxide reacts.with 
great .violence with wate», the hydroxide being formed. 

Sodibm Salts. Sodium is unique among the metals in that the 
salts- almost without exception- are readily soluble. Thej» are 
mostly welfdelined, colourless, crystalline bodies, and ^re con¬ 
veniently obtained by the action of the respective acids upon sodium 
hydroxide, or", if preferred, sodium carbonate. 

t 

Sodiupi chloride {common salt), ‘NaCl, forms colourlo.ss 
cubic crjvtals. possessing cubic cleavage. Unlike lithium chloride, 
it is not visil/iy deliquescent, wheft ])ure, although it absorbs, from 
damp.air, enough water (*au.se a sensible increase iti weight. It 
is very sohihle in water, 100 grnn»! of water dissolving fifi parts of 
salt ; the solubility i.s^ almost independent oj the teiiiperaturg. 
When coifteytrated tiy<lrochloric acid is added to a solution of 
sodium chloride, the ,salt*is thrown out of .solut^ift as a crystalline 
*precipitat%; advahtage is taken of this fJict in thc»method of pre¬ 
paring .sodium ^ihloridc Jrei^ from imiiurities. 

.Sodium chloriif# is practically insolulJe in alcohol. 

Sodium‘nitrate, NaNOj* is another vM'y fioluhle salt of^sodium, 
crystallizing in colourless rhombohodra. Unlike the nitrates of 
tWheavj metals, it does not yield the oxide at* hij^i temperatures. 
It merely cVolves oxygen, when heated, leaving .the nitrite 

2 NaN 03 ** - 2NaNO^ + (),. 

Sodium flitrite (NaNOj) is obtained in a pu*er state oy trea^ng 
silver nitrite with sodium chloride;' thd,filtrate froit "the pre- 
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cipitated silj^er* cWSlide yirilds ilbdium nitrite upon evaporatiof.. 
The salt* is white, deliquescent and vcjj/ shluble. I'The' solutions 
display both oxidizj(|ig and rcd^icing properties, under different 
fhvjumjtances. 

Sodium sylphate, Na 2 S 04 , {a obtained t/lien aodiujn•hydroxide 
iSr neutralized %ith sidphuri(j acid. If the solution produced be 
evaporated above 33° C., the anhydrous salt is»olftained<p rhombic 
crystals, isomorpkoua wfth silver sulphate ; if the. crystallization, 
takes placf belb\V 33° Q., the dccahydrate Na.^Oi.lOHjO is usually 
formed in iponoclinio crystals (Olaubcr’s Salt). A glance at Fig. 1 
will show the reason for this. Below 33° C., the decahydrate, the 
solubility of which is shown by the curve AB, is less soluble ihan tfle 
anhydrous .salt; above 33° C., as shown by the curve CD, the 
anhydrous salt is the less soluble, and will generally be deposited. 


Concentration^ 



It snoyiu, However, b(^* noticed that suporsatuvation of the 
solution readly ocr:!urs. If a saturated solution of sodium sulphate 
be prepared at'a high temperature, it may be cooled in Ht clean flask* 
(cftrcfully covered ovci; to prevent (ao ndmissioif of dust or a*'y 
rtaclei which would start‘the crystallisation of *Pia 2 SOi.lOHjO) to 
quite Ipw temperatures'without thercommencement* of erystal- 
hzation, although the concentration far exceeds the “ solubility 
limit ” ^f the rtecajiydratc. In fact even when, at a very low tem¬ 
perature, usually between 6° C. and — 13° C., spontarteous crystal¬ 
lization does set in*, it is not the ddqahydrato but a heptahydrate 
(NajSOj.IJIjO)^which is generally formed. The heptahydrate, the 
sovubility liirfits of which are shown by curve EP, is af all tem¬ 
peratures tmoree soluble than the decahydrate, and is therefore 
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always “ metastable,” and*can (inly ije bbtawed from*a solution 
distinctly‘supifsaturated ^with the ^bcahydrati. C{ysta]s of the 
decahydrate, tvhen exposid to th# air, “ efflojjpsco •’; that is, they 
lose wat^? falling .to white powder consisting mainly of tjie 
anhydrous salt* « * . ' 

When Twice the quantify of Sulphuric acid n^^led for#neu- 
tralization fe addqd to sodium hydroxftle, sodium hydrogen sulpfcate 
or sodium bisul^ate, NaHStij, is obtaiqpd ; on Iioating the ktter 
•at^60-270°, it loses «vater, sodium pyrosulp*hafe; Na^SjO,, being 
produced. % • • 

Of the sulphites, sodium bisulphite, NaHSO^, fs obtained 
wken a caustic soda solution is saturated with sillphur dioxide. If 
an cquA quantity of caustic soda to that (viginally used bo then 
added to the liquid, the normal sulphite, NaoSOj, is produced, 
and can be isolated in ptisms containing seven molecules of water 
by evaporation of»the solution. The solution, heated with sulphur, 
yields the important salt, sodium thiosulphate, Na^SjOj, which 
•inay lie* obtained, on crystallization, Sn*transparent monoclinic 
crystals containing five molecules of water. The solution is fairly 
stable *^'heii neutral, but, on the additioi^ of acid, is decomposed, 
sulphur being regenerated as a fine precipitate. Sodium thio¬ 
sulphate is a^reducing agent, and reacts with iodine according to 
the etjjiation 

. 2Na,S/)„ + r., 2Nal + Na^SjO, 

a roactio/i .largely used in volumetric analysis for the estimation of 
iodine, alitl, iv.directly, of other oxidizing agents. The product 
of oxidation, Vodium tetrathionafo (Na-SjO,), is of no special 
interest, and is jarely isolaf*d, being somewhat unstable in the 
solid state. , • 

The two sulphided, Na.jS and NaHS, are prepared in*solutiou., 
in an analogous inan»er to the sulphites, sulphuretted Jiyi^ogen 
ps being used instead of sulphur dioxide^ . 

Sodlumacarbonate, NajCOs, is formed when a Boiling solution 
of*caustio soda fe saturated ^ith carbon di^ixido, and the solutiBii 
crystallized. If tiff; crystaltfzation takes*place below .11-8“ C., thb 
decahydrate (wasJmig so(ki^, NajCO^.lOHjO, is formed iij trans¬ 
parent crystals ; whilst on evaporation at high, ter^eratures, a 
moj[K)hydrate NajCOa.HjO is the normal product, ^ver ajiarrow 
range of loiflperature (namely 31-8 to 36° C.), % heptahydrate^’ 
Na^COa.IHjO, is the stable jjHase, and it is not infrequently de¬ 
posited from supersaturated, solutions t^en outsic^ th<®e limi^ ; 
there are ^wo separate crystalline forms of thin hydrate. All the 
hydrates give anhydrous NajCOa on heatif)^ 
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boamm 'cartwnatu. is, 'uriike iithium carbonate, quite solute 
in water, flj,e solution‘is t(i some extqjit bydrplyitsd, add reacts 
alkaline to nearly alj, indicators ;* for carluonic acid ik only a weak 
acid, whilst caustic soda is a powerful alkjli. 

•Sodivm bicarbonate, NaHCOj, is^ forijicd when sqjdfum hy- 
'droxftle solut'ien is saturated with carbon dioxide at tjje ordinary 
temjierature. The solution gives off carbon 4 )ic»;idc when boiled, 
the ‘normal carbqna^e keing left 'oehind, and the same change 
occurs if the sa'icl bicarbonate is heated. The Hicarbonate, although 
distinctly "a,lkaline^ to methyl orange, is vci^ nearly neutral to 
phonolphthalein. In fact, if the solution is cooled down to 0", 
so as to rpduce the hydrolysis, it is said to be absolutcly^peutfal 
to that inijicator. • 

Sodium Phosphates. A large numbj;r of .sodium phosphates 
are known. They are derived from the thii^e phosphoric acids 
by*the replacement of different numbers of liydrogen atwms with 
sodium. • , , 

(1) The three orthophosphates, NaaPO,, NajHPO, and 
NnHjPO, are formed by the action of phosphoric acid on the 
requisite quantity of cdustic soda; various hydrates are'known. 
TIm; “ common sodium phospluile ” is Na2HP()4.1?H20, and can 
readily be obtained in largo monoolinic crystals ; the solution l;ias an 
alkaline reaction, for phosphoric acid is but a weak acid. 'All the 
sodium orthophosphates give a yellow precipitate with sil,vcr 
Jiitrate ; they‘are all frcply soluble in water, in cohtrast to those of 
lithium, and of most of the heavier metals. 

(2) Sodium pyrophosphate,, Na^P^O,, is formetj^when common 

sodium phosphate is heated. , 

2 Na 2 HP 04 =^Na4T\0, + H^O.' 

Jt is .soU'bje in water, the solution giving,a \tt;ite precipitate with 
silver nitrate. * «. » , * 

(15)' Sodium h^etaphosphate, NaPtfj, is formed by strongly 
heating sodium dihydrogen orthophosphate ' 

♦ NaH,.P 04 = NalT), -f- H,0 

or sodium ammonium hydrogen phoVphate (microcqsmic salt) 

• * NaNH 4 Hpb 4 == NaPOj + NH3 + H^O. 

Very njpny for'ms-^preparcd under different conditions—have Ijpen 
described,^ anjl various formulae such as NaPOs, '(NaP 03 ) 2 , 
(NaIi 03 ) 3 , 4 (NaP() 3*;4 and (NaPOa),, fpive been assigned to them by 

• * ^ . 

• G. TaiTfmj\nErt Zeitsch. Phys. Chem. 6 (IJliOO), 122 ; G. von Kn^rre, Zeitach. 

Aitorg. Chem. 24 (19^f0), ; F. Warschauer, Zeitach. Anorg. Chem. 36 

(19011), 1.1<. 
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dyierent investigators, oiten orfp verj slender evide^ic'e. There 
seems v(Sty .lit^e doubt, however, but that soAie of,the different 
forms describeff are distinct chemi'oal individuii^s, differing amohgst 
thcm.selve8^i regards sojubility and the conductivity of the solji- 
tions. But the” question is coni^Jicatcd by tlie possibility thwt 
many of iho forms described are solid solutions, ai^tl’ probab’y in 
.some casej^* contiyri pyi-ophosphates^or ortiiopho.sphates ; some 
of the fortns described may bo partially ^levitrificd glasses. The 
Vh«le experimental -vork requires to be repoatetl,'a^id the results 
ought then to be reviewed afresh in the light’of modern knowledges 
regarding the eharacter of crystals and of solutions. 

podium borate. Although boron trioxide is but a feebly 
acidic oiide, it is very non-volatile. In con iequeuce it is possible 
to convert almost any sodium salt to a borate by beating with 
boron trioxide at a sullleicntly high temperature. Even sodium 
sulphate when In.ited with boron trioxide at a very high tem¬ 
perature ^oses sulphur trioxide, sodium borate being left. The 
borates are more conveniently jircparefl liy mating upon sodium 
hydroxide solution with boric acid or by fusing the hydroxide with 
boron Tjioxide. The best-known member,of the group is borax, 
NajBjO,, w(jich may be obtained by crystallization from solutions 
below 60° in^trknsparent monoelinic jirisms containing ten mtile- 
eules W'ater ; at higher temperatures, a pentahydrate is obtained. 
Solutions of borax are strongly alkaline, owing to hydrolysis. 
Anhydrous borax is formed as a tran.sj)arent glass w'^en one of the 
hydr.d es i§ heated ; the mass swells up in'a curious way while the 
water is hfing. given off, and finally settles down to form molten 
anhydrous boraX'. This has a power of dissolving the oxides of the 
heavier metals, small tracc.s'of which are capable of giving a marked 
colour to the glass ; it is sometimes stated that the oxid(>s exist 
as (a)lloid particles in the borax, but ])robably, hi most c:'S<-s, the, 
colour rnay'be regarded as due to the presence of a borate of the 
metal added. , * ” 

* Sodium Bsilicates are formed by fusing caustic soda with silica. 
C(»upounds such' as NajSiOj,' NaoSiOj, and Na^Si^Oj have beCtr 
described^, and so/iie at Icas<^ of these cafi be produced as definite 
crystals of uniform composithn ; but many of the so-called “ sili¬ 
cates ” described by different observers are glassy passes, the com¬ 
position of which is only determined by the proportions ir,which 
the ingre3icrtts are melted together. The solut’ons are muclr 
hydrolysed, and react, strong!alkaline ; when concentrated the 
solutions are thick, viscous Ivtuids. Thu solubility,falls/aff as tine- 
silica-con^nt increases. The silicates of sodium rich'’in silica will 
be further discussed in the technical sectionvdealinf withfy glass.’’ 
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PrbduAs of the.Actfom of Qhlonne on Sodium Hydroxii^. 

When eljlorh;e is ^ssed'intrf.a well-oool(d solution fof caViStic soda, 
it i9 absorbed, ‘witljj the formaAon of Sodium hypbchlorite and 
chloride • j « 

■ * CU + 2NaOH = I{aCl + NaClO + H?aO. 

• • « 4 •' 

‘ If tlAi tempcfaiure of the so^ition is raised" the hypoclilorite itself 
cfecfiinposes, forming sodium chlorate 

. » SIfaCTO = 2NaCl + NaClO,,. 

If crystallized sodium chlorate be heated cautiously just above its 
melting-pofiit, it Becomes converted to a mixture of perchlorate 
and chloride 

dNftClOa = SNaClOi + NaCl 

and finally on stronger heating of the perchlorate, the latter 
evolves oxygen and leaves sodium chloride alone 
• NaClO, - NaCl + 20 3 . 

It ought to bo pointed otit that, as a matter of fact, other simul¬ 
taneous changes occur along with those exiiressed by the simple 
equations givend Eor instance, when sodium chlorate isj'ioated, 
a certain amount of oxygen, as well as perchlorate, is always 
proluced ; and when the perchlorate is heated ^omo chlorate is 
regonerfcted along with the oxygen. 

As was pointed out in the section on Free Energy (Vol. I, page 
87), each step^of the change , ' 

Chlorine ('Hypochlorite ('Chlorate ('Perchlorate (p.xygcn 

and —and •jind ->] and ,-*->]* and 
Alkali t Chloride U'hloride \ (7iloride (Chloride 

involves a transformation of an unstable substance into a more 
^table (^ibstance.. The stability of the bodiCjj. increases, and the 
" oxidizing energy of the bcdics diminishes^as, wc pa.s'b along the 
seriesl ^odiunfljypochlorite retains milch of the oxidizing energy 
present in chWrinc, and is a powerful oxidizef ; it is«!o unstable 
a% to be very difficult to prepare ffn fhe solid* state.* Sodiym 
uhlorate is a much less jioivcrful oxidizfr and caf^eaaily be obtained 
in solid form by the crystallization of/thn solution, whilst the per- 
chloratS;, although jiossessing the highest oxygen-content, has 
only the feeBl&f oxidizing projierties, and thh solid requires stjpng 
Jjfating before^ decomposition fakes "place. 

The formation ftf hypochlorites, »chlorates and perchlorates is 

4 J. Scol:fei,,2fll’^5cA. Phytf. Chem. 44 (1963), 319. 

i For details of method for preparing sodium hypochlorite in crystalline 
form, 8e#*3l. P. A|)pl©bey^•Trans. Chem. Soc. 115 (1919), 1106. 
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further described in the section# de^otM tp* the- tecHnolo^y of 
sodium *nd po^asgium. 

Almost the «nly sparing^ soiublt salt of sodium is4ho dihydr»xy- 
tartrata^\?'l?ich is jrecipitaied when a cold sodium salt solution is 
treated .with a Saturated solution of potassium dihydroxytlrtra^«. 

Peroxide. When sodium is burnt in air, higl»(!r oxide* are 
formed as, well the compound m,,0. When the product is 
heated in‘excess of air, the sole*j)roduct is«th(^ pajc yellow perAtide 
*Ni»ht) 2 . This RubstSnce is a powerful oxidizer. 7rjie solution in 
water gives off oxygen gas slowly ; the solution in dililte hydro¬ 
chloride consists largely of hydrogen peroxide an’d sodium chloride, 
aad is more stable. ^ 

It is po.ssible that a still higher oxide Na.,(^ 3 , exists, Ijjit its iden¬ 
tity is a little doubtful. 

Polysulphides ^ are also known. Sulphur dissolves in an 
aqueous solution of sodium sulphide, yielding a yellowish liquid, 
^from which it is rather difficult to isqjafee any solids of definite 
conqiosifion. If, however, an alcoholic solution of sodium hydrogen 
sulphije (NaHS) bo boiled with sulphur, hydrogen sulphide is 
evolved^oand, after concentration of the Ablution, it is possible to 
obtain a yellovv crystalline crust having the composition NajS 4 . 
It is v^ery hygroscopic and dissolves in water producing a deep orange 
solutidli. 

JVhen sulphur and sodium sulphide arc melted together, and 
allowed to solidffy, the mass produced consists of ^jolysulphidcs. 
The curve-showing the connection between the composition of the 
mass and The*jnelting-point consists of six portions, and appears 
to indicate the existence oj the compounds 

*Na 2 S 2 , Na-Sj, Na^Si and Na.K,. 

The maxim;', in tue*mclthig-point curvt^ correspo^iding tfi tlie com-' 
pounds of conlposit*on*NajSj and NajSi is extremeiy welfc marked, 
but the existence c;f NajSj and Na. 2 iSj Is •nore dbubtful. 

A solid Iiydri^e of sodium 1® known having the comjiosition 
NSH. It is obtaijjipd whffn a stream of Itydrogen is passed over 
sodium heated to about 35Qf C. ; a white fume consisting of the 
finely (fivided hydride is earned away by the*gas-streaiv. (Petails 
of the method of preparation must be sought elsewh^sre.* 

Sodium Amalgam. When sftdium is added to mercury, ij^ 
dissolves, great heat being evalved. After a certain amount has 

• 

‘ A. Rule and S. Thomas, tTroxs. Chem. Soc. 105 (4914),-177 ; HI" 
(1917), 1065. • 

• F. Ephraim and E. Michel, Helv. OMm. Ac(a,•4.(1921)* 762. 

M.O,—VOL. n. 
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been'taddfd tlje njerctiry ^)eooi}jea viscous, and finally an alloy 
which is scfiid at ordinary t'cniperatureg is^ forme(|. Iq Ahe sohd 
amalgams vaH(vis ih^ormotallic Compounds are belieVed to exist:— 

^ NaHgi, NaHg 2 , NaHg, NasHgj, fla.Hgj, Najllg - 

r> 

^ 6ne of those, NaHgj, has a inaxiiu’im ■'rcezing-point? at about 
that of cith(;; pure metal. ' Our belief :in the exis¬ 
tence of these compounds depcnd.s mainly on the sliape of the 
freezing-point egr^^o («f the alloys ; it is extremely difficult to isolate 
the compound.! in a p.urc state. ^ 

, As statcjl above, it is also possible to produce a dilute sodium 
amalgam by electrolysing the aqueous solution of a sodium salt 
with a mercury cathode. Partly because the cathodic potential 
required to produce sodium amalgam is less negative than that 
required to produce pure .sodium, and partly because of the high 
overpotential of mercury, very little current is wasted in the 
generation of hydrogen. Thus whilst the production cf sodium 
itself in aqueous solution would be impossible, the production of 
the amalgam, proceeds at higti current efficiency. 

For the same reasons dilute sodium umalgam is a much more 
stable substance than sodium itself and does not evolve l.ydrogen 
rea.dily when brought into contact with water. The deeom- 
position of water by the dilute amalgam is gi'catly aid^d by contact 
with a substance like iron or carbon liaving a low hydrogeii-over- 
potential. A short-circuit cell of the type 

Hg containing Na | water | iron (or carbon), _ 

is set up, the sodium entering the ionic state and caiisiirg the pro¬ 
duction of hydrogen gas at the iron or carbon. 

Dilute sodium amalgam is useful as a reducing agent in organic 
chemistry, its action being milder and l.etter capable of control 
,ihan that qf pure .lodium. 

Ammonia Compounds of Sodium. Very int'crcsting com¬ 
pounds are formed by the action of ammonia on metallic sodium 
Sodium dissolves in liquid ammonia gi'jing a blue sqlution, although, 
if the metal is present -in sufficient quantity, a,bronze-red tinge is 
observed by reflected light. A similar solution is obtained when 
sodium. is treated with gaseous ammonia under pressure ‘at low 
temperatures, ^If the pressure is afterwards reduced, so as to 
allow the excess oh ammonia to escape, a crystalline solid,® with a 
fed lustre surptesi(;\g that of copper, is left behind; this has the 
composition NaNH^. When preserved at ordinary temperatures, 

‘ A. Sflihtiiler, ^^eitsch. Anorg. Ghem, 40 (1904), 386. '■ 

Joanpis, Ann^ Chim. Phys. 7 (1906), 6. 
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it^ends to give off hydrogen, sodailiide,?'Ifi^Hf,'jjeitfg Ijff behind ; 
but at lo^' tenjieiatures, ^fuch a^ —20° C., it> dccosapoaea in a 
different way, 'ammonia being evolved, and fietaflie podium 're¬ 
generated-)^ ’ * • » • 

- WhilsUat low lempcraturcs, amiijonia yields the additive, corn-* 
pound jusf described, at higher ’tei^pcratures aniifonia retets 
with sodiun^ yieldipg^ sodamide and hydrogen. When sodium* is 
heated in ft current of ftjfry amftionia at 300°-400°, a liquid* is 
I8nij(-d which, as long as free sodium remains, is Ulus; when all 
'the sodium has been acted upon, the blue colour vanishes,'and the 
liquid on cooling hardens to solid sodamide. Soda'mide (JlaNHj) is 
colourless when pure, melts at 210° C., and volatilizes at 400°; 
the raoltmi substance dissolves sodium metal, giving .a blue solution. 
.Sodamide reacts with water somewhat violently, yielding ammonia 
and sodium hydro.xide.^ * 


Analytical 

The presence of small traces of sodium in a substance can bo 
detected through the yellow colour which i.s*iraparted to a Bunsen 
llame. Whetvthr^light from a flame containing sodium is examincjl 
by means of am ordinary spcctro.scopc, a bright line in the yellow 
region (ift-ally a pair of lines very close together) is seen. Sodium 
jiroduces no other lines in the visible portion of the spectrum. 
On aecouni of its monochromatic ” ch.aractcr, the yellow sodium 
Mamc is invisible when viewed through eobirlt blue glass. 

Owing to<lhe*high solubility of the salts, there arc few “pre¬ 
cipitation tests ’’ for sodium. However, when a solution of di- 
hydroxytartaric acjd, neutra\iz^d with ammonia, is added to a 
solution containing sodium»it yields it white crystalline precipitate 
of .sodium dihydroxytartjiatc on stirring.- A ftrystalliiie* pre¬ 
cipitate is also formed oti tlje addition ol; potassiuiq antinonifito 
and a method of estimation depending on thiijfact has been worked 
ouf.’ Gonerfffly spealiing, however, it is best to effect* the separa¬ 
tion tff sodium from*other mstals by the precipitation of the latter. 
The metals of all thP groups,^ther than I'a, can be precipitated 
either as insolutilc sulphides, hydroxides, carBonfttes or phosphates. 
After this, potassium caij be separated by hydroplatipic apid, in the 
presence of alcohol, as the sparingly, soluble platiuichforide. iThe 
filtrate contains'the sodium, and the excess of hydropfatinic acid; 

I ' A method of obtaining sodamide iii a siute'oi iiuni-y im uosci'iuuu m 
[detail by L. ^V^hler, Zeita^. Elektrochem. 24 (1918), 2G1» 

“ H. J. H. Fenton, Trana. Chem. Soc. 67 (1895), 4ii. 

* H. Weber 7.t^iti»rh A-n.il nhty'.n. Ih n«07)^ 513. 
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but the latter is jatily decompdfeed if the filtrate is evaporated qfid 
the residue I heated, in hydrogep. Afttf^ extraotioti of'tlie residue 
with water., followid by filtration, platinum is left* as a black, in- 
solub'e substance, whilst sodium remairti in the filtrate-. 

When other metals have betn rempved^ the sociiuni is tonverted 
^,to ihloride 'or .sulphate anc^. weighed as (me of these salts. Some 
care is needed, as both substances absorb mojst^ire at %very appre- 
eialile rate fro(ji IJie'air. The ‘ chloride is morcovef distinctly 
volatile at aoivd ho^t; and precautions mdst be observed nj't to 
ignite it'^t too Ijigli a temperature. It is dlten preferable, there-' 
fore, to evaporate with sulphuric acid and weigh as the sulphate 
(Na„SO,). In this latter method, ignition at a rather high tem¬ 
perature ,’s needed t\i eliminate all excess of sulphuric acid. The 
addition of ammonium carbonate to the crucible is sometimes 
recommended to aid the expulsion of the acid. 

I When sodium has been isolated as sodium elduride, it^s possible, 
instead of drying anti weighing the chloride, to determine the 
amount of chlorine present in the solution by titration With silver 
nitrate. From the result, it is easy to calculate the quantity of 
sodium. c 


Terrestrial Occurrence 

Sodium is one of the most abundant elements tliat occur m tne 
earth. The rna.sses of molten silicate rock-magma which ha-ve, 
from time to time, hepn pushed up from the interior of the world 
into the crust, contain a considerable amount of sodjum, whicH 
has tended to crystallize out s.s such complex silicates as 
Albite, or soda-felspar . .NaAlSi:,Oj; 

Other i)lagioclase felspan- . ^rNaAISijOg \ yCaAIiSigOs. 
Soda-loegring minerals ar(! not eonliniid to.- oiie type of igneous 
roejes, Jaut aje found in' granites, sycniti''s,<diorites'and gahbros. 
Moreover, many othej mineraks occurring in all types of igneous 
rocks contain small quantities of sodium. ‘One class of igne&us 
rock, known as the ajkaline rocks, whiuh are j)C(Ailiarly rich in jjlkali 
metals, are generally met with wh<;re an inffusion has corac into 
contact with a batic Country rock ukc limestone. 'It is. probable, 
that interaction between the magma and the limestone has occurred 
at tfcese points„and that the proportion of silica to bases has been 
reduced in the magma.^ Thus, in cases where—but for the inter¬ 
action ®f the limestone—the magma would have yielded, in the 

^ i ^ • 

' R. A. Dafy, “ Jgneoiia Rocks and their Origin " (McGran'-Hill); R. A. 
r)aly,,.r. Oeol. ^6 (1918), 97 ; W. G. Foye, Amer, J. Sci. 40 (1915), 413 ; F. D. 
Adama'aud A. E. Barlow, Variadian G€ol^ Surv.y Mem. 6 (1910), 227. 
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lalt stagae of (jDnsolidation, a highly, acid rocX like 'granite or 
pegmatite (containing fre/ quarts' and highhj ’silieedus minesals 
such as fejspan), it actually yields a “ nephelinc-sycnite ”■ containing 
, minerals ^oor in ailica ana rich in alkali, such as 

^Ncphelino pla^KJjAljSijOjj. 

By the jfttion of Air and winter on igneous rocks—an ac^on 
which is aided isy carbonic acid and organic'acWs derived from 
I vegelation—sodium passes into the soil. All walcS- which has 
passed through or over sodium-bearing rocks comes to contain 
sodium ; thus sodium is a con.stitucnt of practically all river waters, 
amf, in this way, is carried down into the sea. Unlike caloium and 
many of the other elements brought in solution into th(f sea, it is 
not utilized, to any exte^it, in the formation of the hard parts 
of marine creatures, but tends rather to accumulate, as sodium 
chloride, iit the water. At the present time, ordinary sea-watdr 
contains, pn the average, 2-7 per cent. •oP sodium chloride, out 
of a total S-b per cent, of dissolved solids ; near the mouths of rivers 
th(' conoentration is naturafly less. Where, owing to earth-move¬ 
ments or lAher causes, a portion of tlic sea- gets cut off from the rest, 
and rapid ev'aporation sets in so that lh(> volume of the wat-w 
steadilji dimirflshes, the concentration of the sodium cljorido 
increases very much. In this way, salt lakes, such as the Salt 
Lak« of Utah of tlie Dead Sea in Palestine, arc produced. The 
heavy waters of tlie latter contain about J jier cent, of sodium 
chloride, tjie tytal solids amounting to 22 i)cr cent. When the 
evaporation of sjich lakes has procc(*lcd to a suflicient extent, the 
solution becomes supersaturated, and solid salt is deposited.^ 

Undoubtedly tlAs important dcpo.sjts of 

B,o(!k S»lt NaCi 

which occur in’ditTerent” parts of the world were formed rby "the 
evaporation of salt lakes in past geologicak ages. * T^ie salt-beds 
of Cheshire (England) and of Stassfurt ((Icrmany) both occur in 
strafe of the Trias.'jijj-Pcrmlai^ age, an age Muring which —an is 
known from isdependent evidtuice dry, d((seit conditions existed 
over the ’northern part of fhirope. Rock salt, formed »o d*)ubt 
in a similar way, ocewrs in all parts of the workl.» Important 
deposits ar (4 rryjt with in the Car|)ethians, the Alps, in Frifhce, 
Spain, New York State, Califorpja, Kansas, Louisiana, and many 
other localities. The salt is natusally not pure sodium fhloride, 
but contain%also other soluble halts (such as calci\nn«u]j)htite and 

‘ The figures quoted in this paragraph aro based dij fl. OsWs “ ChWische 
Technologie ” (Janecke). 
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magnesium chlorf\le) \t'hich were present jn ^vatei «before fts 
evaporation ; it is jjsually coloAred yelww or reddish-brown owing 
to the presence of a little iron oxide., 

. In a few cases, other sodium^salts occur in larg« deposiljj, formed 
* by dhc evaporation of lakes, 'usually sit),iatcd in desert regions. 
“^In< Egypt, and also in Wyiiming (U.S.A.), the carboifate is found 
in (he following forms , ‘ ' 

• Natrop . . Na/JOa.Hjf) 

, Trqna . . NajCOa-SNaHGO.vSHjO 

Both substanees' constitute a valuable natural source of alkali. 

In thd arid regional of Chili, vast quantities of the nitrete 

r 

Chili saltpeter . . NaNOn 

are met with. It is probably of organic origin, but many different 
errplanations have been sugge.sted to account for its eji.sic'iiee in 
the present position, rlt seems likely that the mode of origin is as 
follows.* The large amount of water flowing from the Andes into 
the Pacific Ocean floes not flow on the surface, but flows through 
underground courses b< low the Pampas, The soil is higljly porous, 
and much evaporation occurs as it flows towards the .sea. Now all 
waters in tropical lands contain nitrates, but the South American 
waters are particularly rich in them, probably owing to the fproscnce 
of birds’ deposits (guano). Hence the evaporation proceeding 
through thrf porous soil linally renders the water supersaturated 
with sodium nitrate, and the solid nitrate is left in the gravel a few 
feet below the surface, mixed with other sodiuth salfs, notably 
the chloride, sulphate, and a traca^ of iodate. ’Another theory 
ascribes the ultim.ate origin of the nitrates to amrjionium compounds 
given off in the vaporous sta;u 0 from the volcanoes of the Andes.^ 
Theso''bo«ome oxidized, it is thought, to-nitb tes. 

IJinaPy, ccftoin lakes,' notably the Barax Lake of California, 
contain, in addition fo other sodium salts, sodium borate. The 
boron appeats to have been derived from thermal Springs, The 
'incrustations of .solid-borax and oth^er sodium ocfmpounds whicb .arc 
found in variou.s parts of CaliforiS{a and I?Uvada arc evidently 
derived by the evaporation of .such* waters. 

Variou.s borqtes cont.aining both sodium and calcium, such as 

*' Ulcxite . . NaCaBjOj.SHsO 

occur in very large quantities botji in California and also in South 
America* (Chili, Peru and Bolivia'). Crude borax also occurs in 
many dthar partqof the world, for instance in Thibet, from which 

''h. T. SiUgewaULaafl tt. L. Miller, Ec&n. Gi’ol. 11 (1916), 10,3. 

• W. L. Whitehoed, Econ. Geol. 15 (1920), 187. 
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cftuntry a oonsijlerable^proportion of crude*borarf (“ Tiflkal ”) used 
to come. Of .course, the/comme^'cial value ^f aU s*uch deposits 
rests upf^i boroip cotptont rather than on the sodiuni. 

1BCHNOLOGY AND USES 

» 

f^ausiraes based u^on Sodium Chloride 

IJock-salt atfd sea^alt may bo regarded as"the prime sources of 
mo.st sodium compcJiinds. 

The production of salt by the evaporation of sba-watdr is carried 
on in many countries. Around the Mediterraitean, and notably 
near th? mouth of the Rhone, as well as in Italy and Sicily, advan¬ 
tage is taken of the heat of the sun to evaporate the s8a-water in 
shallow “ pans.” Such ,lf proce.ss is only profitable in hot countries. 
It is interesting to note that the concentration of .sea-water is also 
(tarried on in very cold regions, for instance the North of Russia, 
"the water being separated as ice by freezing. 

In the majority of countyes, however, rock-salt is utilized. Whore, 
the salT.occurs near the surface, it can be i^ug out by miners in the 
solid stale, ^ Where the layer of salt is far below the surface, a 
bore-hole is ^eiferally sunk to the necessary depth, and pumpfhg 
machfliery installed. Very often the well fills of its own.accord 
with water, which, having found its way through the rock-salt 
befl, ic saturated,with the salt; in such a case it is <jnly necessary 
to pump <jut the brine. It the well, however, does not keep full 
of liquid,* jt ntay be necessary to pump down w'ater into the salt- 
bed periodically and after allowing*11 me for it to become saturated, 
to ])ump it up again as brifie.I 

The evaporation of the brine - iit carried out in many different 
ways, .some of then)»being very primitive. JOviyioration yi open,^ 
shallow pans is still ''t'ry common in Wheshiro, the pan.s being of 
wrought iron, supported oif brickwork, and heatei^direct!/by*a fire 
below. Tly) salt as H, solidifies is drawn to tlie side with a perforated 
shovel or skimmw. 

In many salt4niling establishments, however, triple-ofiect 
evaporators’have been insfallcd, which .allqw of a considerable 
economy in fuel. In such evaporators, the brine is bvajtorated 
under reduced pressure ; the boiling-point of afiy* solution is of 
course lovferod by reducing the pressure. The prii^iple of a triple, 
effect evaporator is showm in Fig. 2. There ari» three eyanorating 

^ See Martin, “ Industrial* Chemistry ” (Croaby LcaukTocti), Secli^ 
XXII. * 

“ A. F. Calvert, "Salt in Cheshire” (Soon). See also .Eng. J. 92 
(1911), 633. - ' 
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vessels, A, B and H the pressjire being highest in A and l 9 vest in 
The.liqilid in*A,is raised to the bbiling-paint' by mcljis of hot gases 
or steam passing through the heater H, and commenoesjtaf evaporate. 
T5ie stream thus produced in A passes but*into' the, heater^K of the 
, next vtssel B, and is still hot ctough to keep the brine i* fe at the 
,_hoi|ing-point ‘corresponding (to the lower pressure. »Tho steam 
produced by the boiling of the liquid in B passet into thf heater L 
of the vessel C, ^r.d cauSes evaporation of theJ)rine.hero also ; thoi 
pressure in this'last evaporator is kept very,iow by means of* an 
/jxhaust pqmp. , 

The salt which,, is precipitated in A, B and C as evaporation 



Fig. 2.—Triple ICfTpCt itvnporator. , 


; proceeds rinks t« the bottom and colleets iA the salt-boxes S ; 
perio/licqlly thq salt-boxes are shut off from Wic bvaporators, and the 
solid salt is discharged, Brine is run into the evaporators con,- 
tinuously to 'hiaintain the volume ,constant; the bflno usually 
ISjws through the three vessels in turn, losing water by evaporatLn 
knd salt by deposition in each “ effect ” In ah evapprafing plant 
of this kind the heat’ prbvidcd by the' fuel is utilized to the fullest 
advantage. _ 

Tha salt obtained by the direct evaporation of brine contains 
'•1-2 per cent, of calcium sulphate, and a certain amount of mag¬ 
nesium chloride. This latter cprhpound renders the salt un- 
ijttractivo for “ table usd,” since the- magnesium chloride absorbs 
moisture and causes the small grains to stick together, thus pro¬ 
ducing' lumph.” In' one form of stable salt” this difficulty 
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i» overcqjnc by .the addition ot ’calcium, ph^pha'to ^bone ash). 

Where the is t6*bg^ovaporl,ted*in a tri|lb e^ec* ovs^orator, 
it is preferaljle to carry out purification before the evaporation ; 
otherwise crusts^ of *calclum‘ sulphate may bo formed witl^ the 
plant, cauiiing obstruoti«ii. One method of purifying the brine is to 
treat it with lime, which precipitates magnesium as t4?o hydro^cidq, 
and then ivith amsaanium carbonate which throws down the cal- 
^uum as insohiblo oj.lcium carlionate. Aftother,method whi(3i is 
useti in Cheshire is t^ electrolyse a small part.of tlrc 4)1100, so as to 
produce sodium hydro.vide. This is added to thp main jiart of th^ 
brine, and the whole is treated with carbon jlioxido gas ; tho 
crflciunwaiid magnesium are thus precipitated as carbonates. 

Salt is used in considerable quantities in food pre.sciyation and 
in cookery, but a large proportion of the sodium chloride produced 
is consumed in the manufacture of other chemicals containing either 
sodium or chlorine. • 

Manufacture of Sodium Carbonate.* Tho most important 
process by which sodium carbonate and bicarbonate ,are now pre¬ 
pared ^rom the chloride was first successfully worked by Solvay 
in Francb and Belgium. It has been greatly developed by Messrs. 
Brunner, Mhnd*& Co., who successfully work the process in the 
Chesli^e salt-fields. , 

It is essentially a precipitation process. When a concentrated 
sobition of sodium chloride is treated with excess of ammonium 
bicarbonate, sodfum bicarbonate, which is considerably less soluble 
than the. othttr salts, is thrown down as a crystalline precipitate, 
whilst ammoninni chloride remainskin the solution 

(NH^)HC 03 + NaCl = NaHCO, -f NH.Cl. 

In actual practieg, iastead of ^lsing ammonium bicarbonate 
as such, the brine i.f firstrsatuiated with ammoni.t, and thefl—after? 
the removal of an;f iihpuritics thrown down by ammoiiia-»^it is 
treated with carboy dioxide.^ The fine hicarbotiate cry.stals are 
then separated Lorn the motjjer liquor, pre.ssed and*dried ; if the 
n*-mal carbonate JNaA'O,,) is required, it* is easily obtained bjf 
igniting yio,bicarbonate 

* 2]SfaHC03 -- Na^COj + H.,() + CO.. 

The ammonium chforide solution which forms the'nfother^quor 
must on lio •account bo wa.sted. * It is heated with lime, whep, 

* G. Lunge, "Sulphuric Acid and#Alkali" (Gurney and Jackson)* G* 
Martin, " Industrial Chemistry " ^rosby Lockwood), Sect. H^y^. Smith)#f* 
J. R. Partington, " The Alkali Industry (Ballidro, Tinclall ana Cox). , 

* According to W. Mason, Ghem. Zeit. 38 (1914)^ 513, sodium cf-ijionate is 
first precipitated and converted#at a later stage to bicarbonate. 
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ammonia |;as diAtilw oil ajnd Is used to satum^o nvwo brinS. 

. * Ca'(OH)Jf 2NH,(':i =>CaCl, V 2NH„ + 2H,0. 

# «« 

Thus the ammonia can be used over a#id Wer again; «nd upon 
this fact depends the success of ^he prejeess.^ Of course, ij I)ractice, 
* a s»aU fractipn of the compound escapes* during each operation, 
'T)u1f by the gradual perfection of the plant eippjoyed, the loss ha? 
beeit reduced to a njinknum. In'fact the difference beftween thf 
successful an(J Jmsucccssful working of the frocess is largely •de 
pendent On the proper conservation of the ammonia, and, no doubi 
lor this reakon, very great secrecy regarding the details of the work¬ 
ing methods is observed by manufacturers. • 

The lime required for the regeneration of the ammonia is obtained 
by burning limc.stone in kilns, and the carbon dioxide which is alst 
generated in the lime-kilns is utilized Mr the precipitation of ii 
further portion of sodium bicarbonate. Thus starting wiyi sodiun 
chloride and calcium carbonate (limestomd as raw mateilals, w( 
end with sodium carhonate and calcium chloride, which is usually 
allowed to rfin to waste. Tlu! essiuitiql steps of the ))rocess an 
shown diagrammatically by a simidified “ flow-sheet ” Itelow. 


Ammonia Ammoniuful ,, , , NaH(X)i*i ( aiis or 

n ■ - c. i. i- (anionatmQ:l ,, . - 

Hnm« > Saturating -- p. . -— ! Kota^ 

Plant- Brino ^ ! Crystals I Furnuoo 


- - - O NII^CI j 

NH, ! Amuieiutt Scliiliop : ! ,, 

- , Rocoverv i ,, •_' ( all. 


I Ca(()II), 


Soluttoii 


>• Packing 
House 


-> 'fo waste 


linestono ♦ CaO 

-> .----- 
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• Tho*;^jnoip^€* of the process navipg tm'n’(Vfecussea, it is now 
possible to describe "itoV it is *put* into pfacti(ie. • The sodium 
chloride^ rt!(}uired is generally pumped from the salt mine as 
concentrated br.»he ; unWtunatcly, natural brine contains «alcium 
and magliesium salts, ^vbicb are injurious to the process, as these, 
metals form carbonates far more insoluble than tile bicarl?(^naj;,e 
of sodiurp. TheJ»ifiust be separated from the solution, therefore, 

• before the pure soi^ium compound can ’be'pracjpitated. Conse- 

qiTcntly, when theXbrine is saturated with .ammbifia gris, a little 
carbon dioxide is introduced so as to form pnough. ammonium 
(iarbonate to precipitate thc^ highly insoluble carbonates of calcium 
and naignesium, but not in such a concentration as wp)uld cause 
the separation of any sodium bicarbonate. * » 

The treatment of the,brinc with ammonia gas (containing some 
car[)()n dioxide) takes place in a simple tank A (Fig. 3). The 
ammonia dissolves readily enough, but as the concentration* in¬ 
creases there is a danger of some gas i^s,»ing off, and so becoming 
lost. As this must be avoided, the gases leaving A a^j-e not allowed 
id esoape directly into the'atmosphere, but are passed up the absorb- 
ing-colifmn B, tlown which a small portioii of the brine passes on its 
way to th(T saUirator A. The column B is so constructed thatjhe 
briiK^flows from one floor (X) to anothei' by means of the overflow 
pipes y,Y, but each floor is always flooded with brine, up to the 
Ittvel of the tdp of these pipes : therefore the gases which pass up 
through the cetvtral openings Z,Z, must necessarily ljubble tlirough 
a layer;)! liquid on each floor. In thi.s way very complete absorp¬ 
tion of ammonia is brought abotif* 

When the liquid in A ii? sulliciently satuiatcd, it is pumped off 
through 0, paused throtigh a filter placed at D (not shown), to 
separate the precipiiate^)f calcium’and magnesium carbonates, and 
is then cooled by passitig through a jjipe-coil K immtrseS in cold 
wat(T ; this tooliiig iS needed because the solutio-i of anpmqnia, or 

* indeed of any gas, results in a great evoleition iff heat. The clear 
ammonia-saturi^ted l)rine i.s^now ready for carbonation. 

• The saturatioi^ with darbon dioxide is-a less simple oporatJon 
than the .saturation with (■immonia. fl’fio carbon dioxide must te 
fore«r through it in very small bubbles since oyienYiso the 
intimate contact needed for the complete solutioii^ rtf the-gas will 
not be attained. The neutralization of carl>on dioxide by asamonia 
causes a great evolution of heat, but if the teyipcVature is allowtM 
to rise too high, both carbo'n (Jioxide and ammonia gases will be 
lost by yolatiuzation. On the other hand, it mu.^ npt Jbe too lew, 
or the precipitate of sodium bicarbonate wfll be inconveniently 
fine, and the separation from the mother-liquor’will be difficujt. 
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The iJest toKiperatj|iVe is^about St)” C. One form pf carb(jnator is 
shown a* P ; tthe carjion dioMde,! obtainM £i‘om fho*ljme-kiln (and 
therefore necessarily diluted with nitrogen) is forced# in under 



considerable pressure at the bottom' I of a tower filled with the 
awmoniacql bripo, and rise4 up through numerous sieves oji slightly 
lenticular form, which keep the gas broken up in minute bubbles 
and thu^laid the complete absorption The ammoniacal brine 
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^oes not enter at the top of th^»colufnn’ sine*.in th^t *case»much 
ammoniaVould'bo carjtied off byjjthogasel Iv enters the.tower at 
Q, and a^ jb* descends through the tower Beconfes full of Small 
crystals* of sodjpm* bkiarbonate through the absorption of the 
carbon*(hoxide passing upwards. ^ The cloudy liquid is drawn off 
from the bottom, and passes to a filter H. 

In order to pijei^ent the temjreraturo in the emuuim.uui :rioiii 
rising al1t)vo 30°, numerous horizontal ^!o^ing pipes are fitted 
within the tower, ^id through the pipes cold ^^'fl^er jiasses con¬ 
tinuously. But since it is inevitable that the nitrogen of the 
lime-kiln gas will carry off a certain quantity of'ammonia from the 
top of^h’, the gas is not allowed to pass directly away from the 
earbonator into the air, but is bubbled threugh another*jwrtion of 
brine in an absorbing column (I similar to B ; the sifiall amount 
of brine used in this aBsorption floors into A. 

'I’he fjjrm of carbonating tower just described is the invention of 
iSolvay. In spite of certain disadvantages it is believed still to be 
in use at most tvorks using the Solva^ ])rocoss. It is, however, 
rather dillioult to clean, .and crusts of sodium bicarbonate—with 
traces of re.sidual magnesium and calch’iu carbonates—are liable 
to form on, the sieves and to block the holes. It has become u.sual 
to employ Jbw’o carbonators in scT'ies. The liquid is partMly 
satuftlted with carbon dio.xide in one tower and the saturation is 
completed in the second. Since the preeijutation only takes place 
in the second tourer, the crusts are only formed in thc^latter. When 
the ciusta have become sufficiently serious to obstruct the flow. 


the dirc'oiioB of the brine is altered so that it passes into the tower 
containing tlio* crusts first, and flito the clean tower afterwards. 
In this manner, the crusBs <ire gradually dissolve<l away in the 
obstructed tow'cr, whilst fresh crusts are produced in the tower 
previously clear. »Wh()ji these become seriou.s^ the i;cmr>ie of tin; 
liquid is chapged again. * 

The filter H, used to s'eparate the solid sodiiyil carbdnatb from 
'the liquich is usually of a continuous rdJary type,.consisting of a 
jjerforated drutft covcrc4 vBth filter-cloth, half immersed in ^le 
liquid to bo filWred. Thy drum rotates continuously and the 
interi(ir‘is Jonnected to a motion pump.. The solid bicarbonate is 
retained on the outside of the filter cloth, and is sci’aped off by 
knives at P as the cylinder rotates, whilst the deaf sdvition is sucked 
throughfihercloth and passes to tSe “ ammonia recqvery plant’’JR. 

This solution, as it enters .tie ammonia recovery plant, contains 
ammonium chloride and a Jittlb ammonium carbonate. Now the 
carbonafb can be decomposed merely by passing s^eaBi ftirough the 
solution ; the steam will carry off ammonia and> carbew dioxide. 
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But the 
by the a^d ^ 


) sAnmoaia opcurlin^ as fhloi'iJle, requires to bo liberate^ 

_ a^d of lime*''^calcKim hydr^oxide).. Tj’be sojdt^on isfhorefore 
pum^jcd up to the tfep of the tower JIC and allowfid to descend 
through it. 'Steam is passed up through th^ liqvid from* tlieAottom. 
T^ie liberation of the ammonia present as carbonate is accomplished 
1 in thj ipper jjart (J) of the toWcr ; milk oj lime is then‘added at 
N, qnd consequently in the lower portions K the ammo'nia origin¬ 
ally present as chloride is liberatedt also. ' ^ • 

The ammonia ^Ss fik'hich contains a little ciC^jon tlioxide owpig' 
to the ammonium carbonate present in the liqiior) passes back to 
tile ammonia saturator A, and is usctl again to aid in the conversion 
of a further quantity of sodium chloride to bicarbonate. A certai,'! 
small amount will be lost on each circuit, and a small quaAtity of 
ammonia (!l.s ammonium sulphate) has to be added occasionally 
to the liquors in the tower JK to replenieh tliat l().ss. The con- 
suiiiptioii of ammonium sulphate is, however, with modern methods 
of Vorking—only about 1 per cent, of the (juantity of soda pro¬ 
duced. The hqiior running off from the bottom of K consi.sts of a 
solution of calcium chloride containing a little unchanged sodium 
chloride. ^ 

The sodium bicarbonate is usually converted to normal ciirbonate 
bj>4ieating in a furnace, and the carbon dioxide thcn'evolvcd is also 
often uti'id at I. Since the ammonia is used over and over ^gain, 
the raw materials of the complete proce.sa are really sodium chloride 
and calcium qarbonate, and the final products so(lium carbonate 
and calcium chloride. It,is, therefore, in a sense correct tp sum up 
the proce.ss us a wholt thus, 


CatJOj + 2Na('l ^ Na-COj -b CaCL, 

although this equation takes no ancount of tjic fact tliat much of the 
carbon d/oxide uscjl is ultimately produceij bj! /he combustion of 
the coal, wliich must of necessity be burnt if\ the linje-kiln. The. 
by-profluof of tlfc jirocess is calcium chloride, for which there is 
very little demand. It Vill be observed that'the wliiile of the' 
chorine, present in the rock-salt used 5k to be fount! in the oalciuq; 
eb'oride solution which emerges from M. This tfiluent is for the 
most part wasted; it; is usually clarilicd by settling,'to comply 
with tht- req'uirements of the law, and the clear liquor is then run 
into the nearfcst river. 

, Numerous attempts have been 'made to prevent the wslstage of 
the chlorine contained in the rock-salt. This wastage does not 
occur m the old Leblanc process of making alkali—now practically 
obsolete—or in Ihe jiewer electrolytic methods. It coilstitutos, 
therefore,4lio grept drawback to the Solvay process. Nevertheless, 



>S0U1UM 


31 


in spite of a vast expenditure?6f tiqjc anu inoour.to renaer suc#ess- 
fifi a solukipn of the prpbl^, r'cnc of ^he iuhsidfary processes by 
whicii it has been proposes to oorivcrl; the ca?oiunt chloride into 
some usf ful'p^oduct Jjavt^ come into general and permanent use. 

Of th (4 produotii'of the" ammonia-soda process, sodium hflear-, 
bonate (ftaHCOa) is itSelf iHsed iit the manufaoture^of “ ifajjing 
powder." ¥he crude crystals oroduced upon the lilter H contiin 
too much ipnmonia^fdr direct u-sp. They arc calcined to di'ivo»olY 
Uio.se traces of jnnm<|fcia, but, since carbon dio^idif is partly (hiven 
r off A ihe same time,\ho product must gencndly be Acarhonated. 
'I'be use of the bicarbonate in eooking depends upon the fact that' 
it readily evolves carbon dioxide gas, and brings about the porosity 
of flie dfJtighy mass, which is thus caused to “ rise ” ; most baking 
powders also contain acid substaiiees, such as cream fif tartar, 
wliieh assist in the expulsion of tl\e carbon dioxide. (!ream of 
tartar is especially suitable since it is nearly insoluble in cold water, 
but dissolfes when warmed ; thus the gas is evolved gradualljr 
as the dough is heated. Sodium l)icarb*nJte is also used in the 
manufacture of soda-water. 

The normal carbonate (l^ajCtfi) is prepjired by mildly igniting 
the bicarbonate in ovens, pans or rotary fuinaoes ; tlie carbon 
dioxide svhiofi is •given off is often used again in the carbonator.-» 
Alterna^vely Hie pasty mass of bicarbonate can be converted into 
t he carbonate by treatment with steam, wliieli carries oif the eai’bon 
tiioside and ammonia still present. ^ 

The ilii'cct pro(!uet from the ealciniiig fpriiaee consists of the 
anhydrou.s. sodg. ash, whicli rejiresents a concentrated form for 
jraeking alkali, and is therefore fav(*ired for export pnr])osr',s ; an 
even denser variety of sodiuiUtcarbonate can he obtained by heating 
it more strongly. •The deeahyrhate, ^a.jCOj. lOH -jO {sot/a crystals), 
can be obtained by ^rysClillization from aqueous solution, and 
usually comes on to the market in large crystals, it is a veTy bulky 
form of alkali, 5iit seem* to be the most attractive»form df t»:ida 
ill ih e eyes of small pui’eha.sers, who no doiibjfeel tffatjtliey receive 
better value for thiyr money wJ*en buying the voluminous decahy- 
drtrtb than-when pijccha-sin^; t^c dense soda* ash. The monohy¬ 
drate, NajClOa.HjO {crystal so^), is produced by cry.stallizing the 
solution 5t a high temperature. 

Whichever hydrate iochosen, the normal earbonato^«employed 
very largely.fo^ the softening of waller required fof laundry wJfk ; 
the theory of softening is refen^d to in the section on “ soap.” 
Soda ash is also used largely in this glass-^orks, and a grliat deal 
of carbonate is used in soap-mhking, whilst a furthet quantity is 
converted into caustic soda. Sodium carbonate) is, ap^rt from, lime, 
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therche^estcalka-lf knttwA, anji is‘jfccordingly used in numerous 
cases—especially'm organic c^iemisto~yto ngvtiyaliza‘acid solu¬ 
tions. It is itsed In the working up of the ores of many metals 
(sucJi as tungsten) whioli po.s.se.ss oxjdo.^ having aci^it; properties. 
fFurtJSermore, it is used for the preparation of most othw sodium 
sal^s.’ 

Dther Processes of obtaining Sodium jCarbonate. A small 
an^)imt of sodium e^rhonate is obtained by an electrolytic process 
cloaidy related "to the electrolytic method^nf obtaining sotlium 
hydro.vide ; the consideration of this process can best ho deferred, 
therefore, until'the di.scussion of the manufacture of sodium 
hydroxide. (See page 37.) < 

Up to about the iime of the war, a small amount of alkali was 
still made at a few works in England by the old Leblanc process, 
which fifty years ago .sup])lied by far thP, greater part of the alkali 
ol commerce. Since, howx'ver, it has now been almost ^completely 
displaced ^ by the far^eheaper Solv.ay (ammonia-soda) jirocess, it 
is only ncce.ssary to devote a few words to the older method. The 
chloride waS first converted to sulphate by heating with sulphuric 
acid—according to the process still employed for the manufacture 
of sodium sulphate and hydrochloric acid. The sodium sulphate 
' salt-cake ”) was then strongly heated in a re\jolving furnace 
with limestone and coal; afterwards the black product black 
ash ”) was extracted with water ; the solution prpduccd contained 
sodium caWjonato, together with a certain atuount of sodium 
hydroxide. The conversion is best explained by assuming that 
the coal first reduces the sodium sulphate to sulplddcf And that— 
either during or' previous to* the extraction with water—double 
decomposition takes ])lace, the insoluble calcium sulphide being 
produced, ' ^ 

' '• 'Na.S + CaCO, — CaS ■•1- Na'UOj. 

In the'final years of the process, tluS sodium carbonate was not 
isolated in tfie solid state, the solution obtained beings used for the 
preparation of caustic soda. The ic.sidue left r^ter removal of the 
soluble alkali consisted principally^ of calciuKa sulphide. It'was 
not wasted, but was ^worked up t^ produce either sulphur, or, 
alternatiiely, sodium thiosulphate (“Hypo”). 

In addition to the alkali produced by the processes mentioned 
abo^e, a ccrt 9 ,in‘'amount of sodium carbonate is obtoirwd from the 
natural deposits ©f alkali mentionpd on page 22 and sometimes by 
evaporating the water qt the soda-lakes theraselyes. The natural 

‘o'* ‘ 4> 

* See Report of Inspector Alkali Works, 1919. See also (T. C. Qayton, 
J. Soc,.Ohem. Ind. 40 (4921), 443b. 
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BO^a-industry is of considera^ie irdjlortahce^in Western States 
of Americ«f,*Egypf,.and Jfogadi |Eaijt Africa^/ 

Preparatip* of Sodium Hydroxide (Caustic Soaaj. uaus- 
ticizing Process. . Sbdiiftn hydroxide is to a very largo extent 
made froni^tho oarbonatg, by *ho aq^aon of lime. The cliange has 
already been, explained ifl the theoretical section as l.^ing du#|o 
the fact that caleiui^j carbonate is much les.s soluble than calcij^m 
hvdroxide. ^BuJ the reaction 

NajCOsV Ca(OH), ^CaCOj + SNaOft* 

is never complete, and it is possible to calculate, froni our knowledge 
of tfee solubilities of the two calcium compounds, how much sodium 
carbonat* will bo present in caustic soda stention obtamod by 
stirring an excess of solid calcium hydroxide with a solution of 
Sodium carbonate of knowTi strength. 

The process of causticizing can be de.scribed very shortly. \ 
solution of sodium carbonate is boiled with “ (pilk of lime ” (calcium 
hydroxide mixed up w'ith water), and se^)arated from the excess 
lime and insoluble carbonat(i The solution of caustic s'oda is then 
evaporated^ multiple effect evaporators acting mi the same principle 
as the triple eJTeot evaporators mentioned in connection with brine. 
Being employed ; * often, however, there are six effects instead of 
three. Che density of the solution gradually increa.sea as \tater 
is driven off. Einally, when nearly all the water has been driven 
off, fhe fused sodium hydroxide that remains is allowed to run 
directly inta sheet-iron drum.s. It solidilitw in the drums as it 
cools, and,’\iilieTi full, the drums are scaled, to prevent the absorp¬ 
tion of moisture l‘y the alkali. * * 

The main problem in coniTi'ction with the causticizing proce.s8 
is that of separating the insoluble jesidue of lime and calcium 
carbonate from the si^lfttiop. The separation was ^or a l(ipg»timo 
carried out by allowing tljp liquid to stand*in a tank until the solids 
had settled, after which the cibar solution was drawn pB from abov'e. 
Thfc method,«liowever,*leaves the calcium compounds as a “ mud,” 
which, even when Svashed Ijy Secantation, is liable to retain an 
appreciable *quantitj*of valua^e alkali, ami which, in any case, 
owing to (J.S*cohsi.stency, is very difficult to dispi^se of.* Filtration 
naturally suggests itself as a more efficient means of scJiara'Mng 
the solid from the solufion, but great difficulties are SnJountered 
owing to the corrosive character of The hydroxide. The problem 
has, however, been solved by IJk use of mechaiBcal filters, con¬ 
structed of Monel, metal, the ejnplbymeut tof which produces the 
calcium oarljonate residue in a comparatively di'jv form,* wliich is 
^ J. Hondriek, J. 6'cc. Client, hid. 33 (Blld), 12f. 
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actAially’cf'ipabW.'>rf being'used'as a fertilizer for land whichj.is 
deficie*it in limeV, 

“Caustic Hoefa made l)y the ” cauticizing procesdV is necessarily 
contaminated with sodium carbonate. The-content' of carbonate 

- in ttie product is lowest, when a very dilute solution of<;arbonate 
is .*rcated vith lime. But, .since tlu^ caustic soda has finaily to be 
ebneeutrated by evaporation, tlie alkali-maker, in th*e interests of 
economy of fuel, is un,willing to vi-ork with too dilute a aolution, and 
consequently the purity of the product suITtfs. Another impurity 
occurring in the caustic is sodium chloride. 

When the licblane jirocess was employed to obtain the carbonate 
solution, sodium sulphide, sodium cyanide, and various iron tmii- 
pounds were g('neri,',lly jircsent in tiu- caustic manufactu'tcd. The 
product of the modern Solvay process is far less impure. 

Electrolytic Manufacture of Caustic Soda.- Diaphragm 
Processes. A very largo amount of sodium hydroxide is now 
made by electrolysis. VVhen ])urified sodium chloride solution is 
electrolysed between insoluble electrodes, chlorine is produced at 
the anode, 

" 2Cl'=CL+2e, 

- whilst sodium hydro.xide is produced in two steps at the cathode, 

2Na- + 2e 2Na 

2Na -f 2H.,0 -- 2Na()H + H., - 
'> ■ ; ‘ 

We can .summarize the reactions at both elccti-odes in a. single 
equation :•— - ^ • 

2Na' + 2CT 4- 2H1 o ^ Cl, -f 2NaOH -P H,. 

. ’■ 

The anode must clearly be of sonu- mal(rial unattacked by fre,shly 
liberatetl chlorine, and, jiractically speaking, the only cheap 
material which is suital le is carbon, although magnetite has also 
been Used in- Cermany ; as a residt-of e.xperience, manufacturers 
hav(! succe^ch'd in |)toducing graphitized carbon ingi form wlfich 
can be used as an anode in ehloiade solution,,without undergoing 
undue disintegration.^ Almost aiyy metal rhich is'insolulHir in 
alkali and which does,not alloy with sodium, can be used as cathode, 
bufc it is advantageous to us(! iron or copper, owing to the low 
“ hydrogen overpotential ” of those metais. 

tso long as^ chlorine ions are the only anions existing in any large 
concentration irt the anode, the„produotion of chlorine and alkali 

* M.'L.'^triWin, W. H. Howell inul G. K. iSpoiice, Met. Clie.m.J<jng. 17 (1917), 
C99. 

* See A. J? Allinjuul, " Applied Electrooliemistry ” (Arnold). 
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proceeds according to the equatiof* given jiborfifana ttic curfent 
efficiency fit lugfk.‘»If, hjwjfver, o*/ing;t() the (slirring up*of the 
liquid, sonie, o| tlie alkali produced at the cathode finds,its way’to 
the anode, the discha»ge (OH)' ions, and the consequent (^volu¬ 
tion of Sx^gen instead^of cljlorine, may occur there. In ^jther* 
words, th(( curr(nit may oommence to de.stroy alkali air the an#de, 
whilst continuing to produce it at the (aithode. It is, therefore, 
ne(«ssary t(<kprOTent'Uie access m^alkali to tiie^node surface. * 

* 'I'jje obvious way prevent alkali from passing fi’oni cathode 
to anode—a.s a result of the stirring up of the liquid by the gases 
(wolved— is to inter|M)se a porous diajihragm between the eh'ctrodes, 
thi^s dividing the cell into an anode eom[)artmeift and a cathode 
((ompartiTumt. So long as the hydroxide jM-oduced is confined 
to the cathode (hqjartnient, loss of elliciency can be avoided. At 
OIK! time considerable dilffbulty was found in obtaining a material 
for the diaphragm, unaffected by caustic alkali and by (!hlorinc, arnl 
yet suflicimitly porous that the resistance of Jhe cell was not unduly 
increased. Now, however, jiorous materuils, consisting essentially 
of asbestos, can be produced which fulfil the requireiiients fairly 
well, alfliough they tend to (tlog ” rathertif the brine emphiyed 
is not (piite ylear. 

* However, the division of the cell by means of a porous diaphragm* 
does iKJt permanently prevent the access of hydroxyl ions ^o the 
anode. For the passage of the current necessarily causes a move¬ 
ment of these ions from the cathode compartment through the 
rliajihr.igm t,o the anode compartment. 'flR' only way to prevent 
this is to Jtpjily a slight hydrostatic piressiire to the solution in the 
anode compartment so that the iii^iid as a whRle moves in the 
direction 

mode caJhode 

at exactly the same iiite,a.s the ions wo\rtd otherwise mov(^ in the 
direedion * 

lathode —^ anode. 

• 

'iffuK by pr^.s.sing tlK*liquid thriough the diaphragm with the correct * 
velocity, tlfe boundary botweetn chlorine and hytlroxyl ions is kept 
somewhere! within the partition, and the access of hydrox'yl tt^ the 
anode is avoided. An Electrolytic cell, designed on^such (f princyile, 
is continuous in its action ; sodium chloride solution «s continually ■ 
forced into the anode compartnj»nt, and sodium Jlydroxitl^! is con¬ 
tinuously drawn from the catlftide compartment. 

Nuraerou* forms of cells have been designed, differing consider¬ 
ably in construction, but generally embodyirljr the pi'incii)lps just 
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setfforth.f As a( i vxa^nple, thft 'Townsend cell^i used at Niaga^-a, 
may be deforibed (Tig. 4).', Tlis is a ipng; nariow roc&ngular cell, 
tlie end-v^alls and bottom being of cement, and tlif) ^ides of iron. 
Thej-e is a central anode compartment, containing the graphite 
' anodes A.; the anode compar^tmenLis separated from ^j^o cathode 
coftipartmdats on either side by diaphragms D of asbestos cloth ; 
the cloth is rendered rather less permeable 1^ being painted with a 
composition cont^ifcg asbestoS fibre, ferr:<? oxide 5md gummy 
ferric hydroixkle. The cathodes, C, consist op^erforated iron plates, 

, or grids, which are pressed into contact with the diaphragm and' 
help to hold the cloth in place. The outer, or cathode, compart- 


. ments are Ijlled ivith 

. ~ ~ mineral oil. Purified 

I sodium chloride solution 

anode 

> compartmeip, at a 

. , slight pressure, and 

usually stands a little 

~p\ * (jC outside, the,level being 

: ^5 i_ carefully regulated. The 

■ ■■ slight .difference in 

pressure on t'iie two 
I ^ f sides f)f the diaphragm 

, ' 1 ; . causes the solution con- 

i “ I tinuously .to percolate 

: ; outwards tthrough the 

;D‘ — diaphragm. The sodium 

*' : Brire / t-' * hydroxide s o 1 u t i o n, 

L L-^ , formed on the catho(l(^ 

‘ ' 'v 1 S*hl, gathers there in 

* : // • • tw'opldts, which soon 

. , become detached from 

Fig. 4.J-Friiic'iplc of Tow.iseml C'.-ll. the cathodes owinff to 

, * , the’evolution of hydro¬ 

gen, and, passing int« the body ^if the oil,“sink to 'bottom and 
coalesce^ with ona another ; the Solution of sodium .hydroxide 
whfch collects is drawn off continuously through the pipes E, 
an(J passes lo tjic evaporators. * 

Theoretically, only 2-11 volfs are riujuired to flecom^iosc sodium 


Fig. 4.-►-Principle of TowuHciid Cell. 


' L. H. Baekeland, J. .Stic. Chem.'Ind. 26 (19(17), 74(i« Kkctrochem. hid. 5 
(1907), 209; 2 (lOjO), 313 ; C. P. Townsend, Electrochem. Imk 1 (1902), 23 ; 
H. K. Richardson ani^ R. L. Patterson, Trans. Ame,r. Electrochem. Soe. 17 
(1910)^311; %. B, .Hooker, l^Ut. Chem. Eng. 23 (1920), 901. 
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cMoridc so^s to produce sodium hydroxide, «hlofij|i and hydrogen. 
Actually, in*ordef tt) cart'J^ Ait the *dce«mpositiifi ai; a*reas5nabje 
rate, about ^olts are applied to each coll. Normally- a row of 
colls (perjjaps 30 to fiOf areVoimected in series, and the appropjiate 
K.M.P’. (e.^ 120 volts if (Jiere f»re SOgelLs, allowing 4 volts per*ccll) 
is applied bei-wcen the eilds of the row. Usually thif cell-hoflje 
contains several of th^a? rows of cells arranged side by side. Thys, 
id]hmigh th(^ inilivi(l\il cells are small (th! iwiguial size of the 
lowilsend cell wa.s ,sVx 3 X 1 ft.) the eombiped diitput of the 
liou.se is considerable. 'I’he current efficiency is ab^out !)(> per cent. 

Prom each cell, hydrogen e.scaj)es from the cathoile compartment 
thrmigh ijje tubes to hydrogen mains which collect the gj^s from 
all the cells. Similarly the chlorine formed ;ft the anode passes 
through tubes to chlorine mains. The hydrogen is in .some works 
wasted, but in others is used for “ hardening ’’ oils. The chlorim^ 
is a most ■'#iluable j)roduct. It can he liquefied, and compressed» 
into cylinders, or used in the manufactinj;^ t)f bleaching powder ; 
alternatively it is employed in tlm production of various organic 
Kubsfancts coiitaining chloride. The liquid chlorine and bleaching 
powder an* mainly u.sed for bleacliing, stfrilization and disin¬ 
fection ; but,*duryig the war, there was great demand for chlorine 
as a poison ga% and the manufacturers, in many cases, came to 
regard cjllorine, rather than alkali, as their main ])roduct. 

Miyny other types of cells are used at different works.^ The 
device of filling thd cathode compartment wifh oil is peculiar to the 
Town.send cell. In some cells, the cathode’eompartment is kept 
full of alkal i*sofution, which is drawiyoff at the same rate as brine 
is added to the anode conijiartment. More often tTie cathode com- 
Jiartmcnt is empty.of liquid, t^ie'alkali being allowed to drip from 
the cathode grid into a trough below'. • 

If steam and earboti dioxide is ])assed into the anode c»mf)art- 
ment. sodium cavbonate c»ni ^)e produced instead of hydroxide. , A 
certain amount of carbonate is manufaeturf^l in this manner in 
(Cheshire. TlTc electrolytic manufacture of earbonatb presents, 
in^'ic respeyt, less Tlifficulty«than that of the.hydroxide, because, 
the mobility of the ion lining liut small, there is little fear of 

the brine hi the anode compartment becomin}; scfiously allialinc. 

The shapes of diilereijt cells used in the manufacture yf caustic 
soda vary very much. The large I^Jelson cells “ instiled duiing 
the war in Amefica have the diaphragm and the perforUted cathode 
in the form of a U-shaped trough,* supported in a rectangular tank. 

’ A euiumary of the forms still in use is given by E. Chafeyor, tlev. Prod. 

22 (1919), 613. . 

" C. P. Carrier, Tram. Amer. Elf-clrochcm, Soc. 35 (1919), 239. 



3S , MEITALS and METALLIC COMPOUNDS 

In iinglan'd, on 0 other hancf. a round cell with poroits partition 
of,cylmdrid'al,.sha]5c has been used re*tefitly. Tn' Germany, there 
has been a tendency to develop types of cells horizontal 

_ diaphragms. One variety of the Bi'lliter oc^l,' much usjpd in the 
llhiifcland and elsewlxTc, is .a recDangukr tank containing, just 
active the fcttom, a nearly horizontal calhode of iron gauze, upon 
wl)ich the diaphragm (formed of an a.sbcst4's—barium sulphate 
composition) ig oprr'atf. Above this comes tj4 anode compartment 
filled with trine, in which the graphite rocB forming the aftodes, 
• dip. Brine is run in at the top, and caustic soda drawn off from 
below the diaphragm. The hydrogen jiroduced at the cathode runs 
along under the diaphragm, which is slightly sloped so as t»facilftate 
the escape of the gas, and passes off at an outlet at the .side. 

In all the cells mentioned above, in,which the brine is run into 
the anode compartment and passes through th(^ diaphragm to 
(he cathode compartment, the penetration of sodiumr hydroxid(^ 
to the anode is avokh'd., But this arrangement does not necessarily 
prevent a certain amount of chlorine reaching the cathode, for 
chlorine is fairly sohd)le in water find a considerable .fiuantity 
travels to the cathoefe in aqueous solution. Should free chlorine 
_ enter the cathode compartment it may react with* the alkali to 
proc(uce hypochlorites or chloratc.s, or it may combine with the 
sodium as it is formed, and thus reduce the current etlicicncy. 
When the solutiotis employed are warm (which, is, in any .case, 
desirable, so as to reduce the resistance of the. cell), the solubility 
of chlorine in the brine is only slight, and the loss" of efficiency 
is not serious. .Nevertheless^ it is worth considering*'whether th(^ 
loss could not be avoided altogether, and for this reason a (icll 
designed by Finlay - deserves mention, although it has not, 
apparently, fo\md wide apjhication. • 

THfe bell coittains two vertical dia|)hrag^/ns arranged between 
the t\yo vertical electrodes, and thus df.'iding the cell into three 
compartments. The, brine is run into the middle compartment, 
and passes outwards through botlj diaphragms into the anode and 
cathode compartments. iSodium hydroxide solution js draw*, off 
from the cathode compartment, while a certain amount of brine, 
satjiratqd with dnlonne, runs off continuously from the anode 
compartment. It can be boiled free from,the gas, and used again. 
TIk. current efficiency of this cell is naturally unusually high, and 
is said to reach pS per cent. But the second diaphragm adds to the 


^ A. /J. ^\llv\and aiut E/'K. WilliarnH, J. i:>oc. Chem. hul. 38 (1919), 28i)R; 
A. J. Alhnand, Tnina. Faraday Soc. 9 (1913), 3. ‘ 

* F. CJ. Donnaii, J. T. Barker and B, P. Hill, Trans. Faraday Soc. 5 (1909), 

^ ' ■ 
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r(*istanoc the e(jll ami it does not Ticccssarily fftflibw Ihtft the 
sumption of onergy*is the FrfilayiTcell tiulf in ^others.* 

Mercury cJells. ^n entirely different method of -obtaining 
sodium l^ydroxide from Sillt, wliieh dispenses with the uso#of a 
diaphragmt depends on Wie eihployment of raereury as a caWiodo 
material. If» sodium chloride is eleotroly.sed hetwee^ a earBgn 
(or j)latinuni) anodewilid a mermyy cathode, little or no hydrogen 
ia evolved, but » fairlV stable sodium amalganiSs fwrmed. This is, 
no dT)ubt, due to the .ligh overpotential of mercury." *lf, however, 
the amalgam, when formed, is run off into anotluJr eonipartment, 
and treated with water, whilst in contact with a jjubstanee of low 
'■ hydrog*n overpotential," such as iron or ca.rbon, ths short- 
circuited cell or couple * 

Sodiufti I , I Iron or 
^ Amalga-m 1 | ( art >011 

is set uj). The amalgam is thus decomjio.-llid, sodium hydroxide 
being produced in solution, whilst hydrogen is twolved.on the iron 
or oarbmi. 

A geneihlized diagrani of a mercury cell is shown in Fig. 5. 



t‘'a;. 5.—(.Jcnci-iili'/.od J^'orln of Mercury 


Brine is idee.truly.sed in the main chamber I ; the anodes A,A are 
of carbon, graphite («• platinum, whilst the calhorje is for^ied by . 
thin stream of,merciiry, running across'tlu^ floor of the, ctiambe 
from the reservoir 1!,. The mercury, as it ])a.sses ,o*ut of the*cel 
colitains sodium in Solution, and rims inlo the ik«omposer I 
i^erc it comes in?o contact wtth the conta(;t-[)ieces C of graphit 
or iron, and at thc^ame timp with water. 'I'he sodium amalgat 
is quickly "decomposed, yielditig sodium hydroxide, and nearly pur 
mercury passes out into S and can be pumped back once m.(k’e t 
the reservoir R. ’ • * 

As soon*as the concentration of sodium in the amalgam become 
at all high, the sodium is hkely to be attacked by thq chlojrin 
dissolved in tho> brine, regenerating sodiwm chloride. Therefor* 
in order tb obtain a high current efficiency, it is iniportant t 
keep the concentration of sodium low^ by cilcplating thc. 4 ucrcur 
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quickly tnioufeh (I'fe system. Tte various forms of mercupf cell used 
by different mak^ differ tsseAtially f# the means of bausing the 
me'rcury to pass between one chamber and the other, t The Castner- 
Kellncr Alkali Company, to whom the dcfv'elcll)ment of the mercury 
•coll i^largely due, are believed now ta utilise an Archime^Jean screw 
to wise thevnercury from the level of S to that of the feservoir R.’ 
in'their orignal form of cell mercury was caused to flow to and fro 
betVeen the two c^fniartments by rocking /.\o egtirtf' cell; this 
arrangement^^^•as ineliioient and would be ^dravagant of p»-wcr 
except Vvheii a]ipliect to small units; it has been abandoned. In 
the Whiting cell,^ which has found employment in America, a 
rotary pump is fitted to rai.se the mercury to the necessary level. 
The actfon of this cell is intermittent; every two minutes valves 
open, and allow the amalgam to flow from the main cell to the 
dccomixi.ser, its place being taken by'fre.sh mercury from the 
reservoir. An Austrian firm emjiloys compressed aif to force 
the mercury from one jCompartmont to the other, and then back, 
whilst in one Cerman process, the circulation of mercury is effected 
by means oi an ingenious arrangement of “ paddles.” ^ 

Since the amount of'water admitted to decompose thq amalgam 
can be limited, it is possible to prepare comparatively concentrated^, 
"sodium hydroxide solution. In this respect, the meq^ury procc.sse.s 
have 'a certain apparent advantage over the diaphragm prficesses, 
which can never yield an alkaline solution more concentrafod 
than the brif.e employed. It i.s, however, scarcely correct to regard 
the saving of fuel in thcevayiorators ns repre.senting a true economy, ' 
because the jiroduction of the comparatively strong*alkali usually 
involves a higher'expend ittire of electrical energy. A.s a matter of 
fact mercury cells usually ref|uirc ?.n 'E.M.F. of qcarly 5 volts per 
cell, whilst diaphragm cells often work with le.ss than 4 volts per 
cell. On. the otjjier hand, mercury celU, unlike diaphragm cells, 

' yield an alkali quite free from chlorides. «. ♦ 

Comparative Convnercial Merits of Processes. The cur¬ 
rent cfticiendy of electrolytic alkali^ production with &odem colls 
<8 high, always over 90 per cent. ; huh since the E.M.R. requiwi.vl 
'for the normal workings of each celi usually greatly eycceeds the 
theoretical value of'-2-3'volts, the energy efficiency varies ■•between 
45 per cen^. apd 65 per cent. It is the eporgy efficiency which 
determines the amount of alkyili which can be made from each 
K.W.H. of electrical energy, and, where—as in England and 

* R. Tassig, Trans. FaraA^y Soc. 5' (1910), 258. <. 

* J. WKitkig, •Tfantf. Amer. Electrochem. Soc. 17 (1910), 327. < 

’ Chem. Zeit., Bepf 37 (1913), 412. 

* M. Wilderniin, Eifrh\h Int. ^ong. App. Chem. (1912), Vol. 21, 185. 
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Germany—the electrical energy h'^ to bo ^enefuted ineajis of 
coal, the Aiccess «r faiUr/of th6*pr(jcess wilj«ciepend upon this 
point. So ’oAg as there is a demand for chlorine and for hydrogen, 
the elecjjrolytic prodtetidn of caustic alkali is likely to compete 
successfuliy with the .•^ternative niethod of causticizing spdium* 
carbonate o])tained by the Solvay process, even whenr coal is»the 
ultimate source of pojver. Iti Ainot ica, and countries where water¬ 
power is cdlapiyati^jy plentiful S.nd electri(»p^wor therefore ch?ap, 
the»electrolytic proctss has a considerable advanla^ti. 

Uses of Caustic Soda. Caustic soda is use^l very largely in, 
the paper and textile industries, and also in th^i manufacture of 
soilp as«de.scribod below. It is also cmpk)yed in the prejparation 
of many organic bodies, notably the dye-stulT alizarin, f'urther- 
more, it is source of sodipm metal, which is in (urn the .source of 
sodium peroxide and of sodium cyanide. 

Manufacture of Sodium Hypochlorite. Tt will be cofl- 
venient at this point to discuss the prepafation of sodium hypo- 
chloi-ite, a substance used very largely both for bleaching and for 
the stA'ilization of drinking-water. As yr the case of sodium 
hydroxide, there are two methods of preparation, the first being a 
‘precipitation pmcess depending on the insolubility of calcium. 
carboi:#tc, anti the second consisting in the electrolysis of st)dium 
chloride, under conditions rather different from those required 
forHhe preparat'o;i of sodium hydroxide. , 

In the first process, chlorine is passetl over slaked lime, yielding 
blcachinf* yowder, according to the method to bo described in the 
.section on calcium. 'Phe milky •olution of Weaehing powder, 
which can be regarded as .containing calcium hyjiochlorite and 
calcium chloride,‘is then treated with sodium carbonate ; insoluble 
calcium carbonate ^is pi’tcipitated, whilst sodium hypochlorite, 
mixed with .sodium chlondo, is left in.solution.* This process is • 
probably the rhost economical where the substance*has t® bc»pre- 
p*rcd on ajarge scale. The hypochlorite » but r*arely isolated in 
the solid state, biyt is sold as » solution ; the solution decomposes 
quickly unless it i%protccfed^from the aolidn of light and carboi* 
dioxide. 4t is most stable if jept slightly alkaline, but its oxidizing 
activity*is most pronounced in the presence of acid.* • , 

On account of the rtithcr jroor keeping qualities of podium* hypo¬ 
chlorite, Hiapy manufacturers, who require ooihpijratively Small 
quantities of sodium hypochlojite for bleaching purpo.ses, prefer** 
to make it themselves, rather than purchase it from tjje large scale 
producer ;»in such ca.ses, the’electrolytic process is>of seiwice. It"' 

* See K, K. Kideal and U. R. ^Evans, J, Ohem^Jnd. SO (19ftl), 64 b. 
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was Rtat«l<.abbvttAhat„in the \nanufaeture of sodium hydroxids 
by cleoirolya’s, thp<<ihlorino a,nd ^odium'iiyda'oxido ^iroduccd at the 
two' electrodes must be kept apart; if the manufaclu’;,} of hypo¬ 
chlorite is aimed at, they are allowed fo nfinglc. Hypc^hlorite 
is for^ied by their interaction^ thust - , , 

/ ^NaOH -f CL = NaClO -f NkCl -b H^O. • 

* _ 

The* temperature nn^st,be kept Irtw, for in a^^arm sisbution the 
hypochlorite fK'composes, giving rise to chlorate, 

, ' , SNaCIO NaClOa -f ^NaCI. 

But ev(Mi at low'temp('ratures, bypocblorite will be converted to 
chlorate 'by electrolytic oxidation at tlu; anode. Hypochlorite 
Is also destroyed, if it is allowed to come into contact with th(! 


fo Oynann) 

or Mainti • 



t’ic. (>.—pjlcc(r(Vysor for tho It-epni-ation of fSodiuin Ifypochlorilo. 


cathode, bc'ing reduced once nlo^(^ to chlorhh', frt'Ui which it was 
formed. It follows, therefore, that after a certain amount of 
. hypocftlofite haB*been forjned in tlie salt solution, a “stationary 
stato ” will befrcached, at which the conc(Sitraf ion "of hypochlorite 
ceases to increase further, the salt being desfroycxl as q\iickly ys 
it is formed.*^ It is ii.seless to oon'inue the elpctrolysis further; 
the compkite conversion of chloride to hypochl()rite by electroly^ 
is ])ractically impossible! • . . 

Mjyiy (L'ffcrent fcJtms of “ electrolysor ” have Is'cn designed for 
the purpose of converting a solution of sodiiwn chloride into hypo- 
chlorite.^ One of the types designed by Haas and Oett/d (Fig. b) 
"may be descnbe(;l as an example.® A rectangular trough B of 

^ P. H. Pr(iiisnitz, ZeiiscUi Elcktrodhem. 18 (1912), 102i'). 

2 For the different patterns see A. J. Aflmand’a “ Applied Klfctrochemis- 
try ” (Arnold). * 

“ F. Ojittel, 'j^itach. Jiflcklroclmn. 7 (1901), 319. 
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earthenware is fitted with a series'M twenty-nint-tvcftkfer graphite 
electrodes, which tlivick:*ttfe troii^ ii/to a seit^s of twenty-eight 
narrower c^iApartments. I’ho two end electrodes,* A and C, 'arc 
connected to a dytiaiflo yU’Idhig about 115 volts ; each of the inter¬ 
mediate ejectrodes functions as a cathode on one side, and an^inodo 
on the otlnj'. Tims thc*])lant is really a set of twenty-eight colls 
in scries. The trough stands in a larger tank containing sodilini 
chloride soii>tiyn, ai^ the licjuid Circulates thr^iigh the inner tn^ugh 
dujing th(' passage ol the current, entering it at operfiggs in the base 
and overflowing at the top into the outer tank. This continuous 
circulation is brought about by the (evolution of hydrogen gas at thie* 
elcctrocj^es, which carries the lic|uid upwards. * 'Tlu' outer tank 
contains cooling pi])cs, K, through whieeh cejid uiiter pifsse,s con¬ 
tinuously, and thus the li(|uid entering the inner trough is always 
cool ; it overllows hcfoi?' the tcniperafune has liscu to an (e.\tent 
which we^uld cause serious loss of (‘Hiciency ; in practice tine teni- 
peraturo should bee kc|)t below 24° (h ^ ’ 

In many of the )irc-war models of clectrolyser, platinum electrodes 
were (^mployed, hut the present, .scarteity of the nieCal rtenders it 
necessary to look for a cheaper malcriid» carbon electrodes are 
, nearly equally eiiioient, hut tend to disintegrate somewhat. 

In the maliing of hypochlorites no attempt is made to divide, thfT 
cell iifto ano(^lic and cathodic compartments by porous diaphragms 
of^the kind use<i in alkali-making, so as to restrict the contact of the 
hypo, hlorite with the electrodes. It is ])ossible, InlUever, to add 
to the solution small quantities of substarwes which produce a film 
over the" fpirfaeci of the electrodes ; this film, whilst, not interfering 
with the p.as.sage of (uirrent, prea^ents unms.cs'kary at.cess of the 
hypcjchlorite to.the active‘electrode surface, and thus minimizes 
the destruction of the ijnstahlo s»lt. A \'cry common addition 
is potas.sium chroi*at.e it, is said to form a liyu of aij iysoluhle. 
chromium oxide oi» tU. cathod...* “'Airkcy-red oil,” and varioud 
other conq)lcx organic su1)stairces, form, in the pl’cscuc? ot* lime, 
film upftti the .anddc ; a combination of chromate ♦ind “ Turkey- 
,j;ed oil ” Jias be(li recommenticd, so as to jiroduce a film on eacji 
clectrod.'. But a*very simple addition, .winch forms a good film 
on a ciirf)on cathode, is limh alone ; the .adlupilon and permanence 
of the layer is greatly increased if a colloid, such as wficat-Ptarch, 
is also present. Lime is said to be ])ractically uselcesVith a plati¬ 
num catTiodh.- • 

If the clectrolyser is constmfc;ted of Portland t:ement, it is i^tated 

* E. MtMler, Zeitsch. EleJcirochem. 5 (1898-99), 469: 7 (1£01)a39^: 8 (1902), 
909. • 

^ E. Mullur and M. Biichuur, lA Mdiitwu'i 
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thatijlilms i.,ppeaii'fsponianeously on both electrodes, without any 
additio&s. No dotU^t, the cf^thoUe filmSbcfrirsist of iho bfcic oxides 
present in the cement, whilst those on the anode niUj^ consist of 
silica. 

.. Ho\J[Cver produced, the pre.sence of the _tilms on the plectrodes 
nota,bly raist; the current ellieiency of the process, apd allow a 
higher concentration of hypochlorite in the solution to bo reached. 

Bt'sides its u.se a.j. a. bleacher, '■sodium hy^.ichlorit^is largely 
used in “ texjlife 'liiiishing ” as it )irevents th* growth of eerbin 
algai which give rise to stains,^ It i.s used in very many places 
for the sterilization of the public water-supply. The employment 
of hypochlorites for this purpose develop(>d mainly in j^mcrica, 
l)ut it has since been adopted at many 
pi,aces in this country. Part of the water- 
sujjply of London is now treated with 
sodium hypochlorite. It is likcwj.sc added 
in many [ilaces to the water of swim- 
nhng-hatlis. During tln^ war, specially 
|ire])ared hyjtochlorite proved a most use- 
«ful antiseptic for tin.' treatment of, wounds. 

Manufacture of Metallic Sodium. , 
Sodium is almost invariablyi produced by 
the eloetroly.sis of the hydroxide m tlu! 
fused state. The products, of electrolyfis 
are oxygen at the anode, and sodium at 
'the cathode. Th(^ sodiutn heihg lighter 
than th,e fused caustic soda, fio'.its U]) to 
the surface in the molten condition, and 
the main pi'eeautiou to he,, observed is to 
|)reven*, it from being burnt, either by the 
air or by the ancxlicall*/produced oxygen. 
The temperaturp tntisfirot he too high, or 
theso'diuin will expel hy^drogcii from the hydroxide, producing thy, 
anhydrous o.xide (Na..O). * 

•.A form of cell w hich .lias been used successfully in England, th*a 
United States and (iermany, is sho'wihdiagrammatically in Fig. 7. 
The cathode C, con.sisting of an iron rod, is .surrounded by a ring 
anode‘A of nickel-iron alloy ; as a rule, a cyl;pder of -wire gauze is 
interposed fiet'wee.n them. The„ caustic soda of the bath may 
». the first instance he fused by gas-burners B, but', wlien once 
molten, thp heat generated by the turrent should be sufficient to 
Jfeep the bath niolten ; the temperature ought not to rise much 
above the' m'olting-jJoint of caustic soda, or the currehi, efficiency 
it. Toywe, Soct Chem. Ind^ 3t (1912), 477, 
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will suffer. About 4'5 to 5 volts i3%ppli*ed ths*tellt tlie sq)dium 
formed olt the»c»thode*riSos to Ihe ,surface, ♦ifogethpr with any 
hydrogen pfAluced, and is caught in the closed cyfinder D plabcd 
just above. Since IWs f<lll of liydrogcn the sodium is not oxidized, 
and may^be ladled out^periodically. The oxygon from thejinoda 
escapes without destro 3 >ing the so’dium. The nickeViron anpdes 
are not seriously att^icked in the fused solution, for they bccdme 
“ passive *> j^roba^y a protective layer oi c^scly adherent ovicide 
is inrined upon them. A.s the sodium hydroxide; decomposed, 
fresh caustic soda is added, and thus the proc(;.ss can ‘be made 
continuous. * 

Verj'many attemjits have been made to obtain .sodium by the 
direct electrolysis of the fused chloride, since this naturally becurring 
compound is much cheaper than the hydroxide, which is, of course, 
itself prepared from tlTe chloride. CJrcat diliiculties, however, 
are met jvith, which have not yet been overconii'. In the first 
place, sodium chloride fus(;s at a much liigl^er temperature than tlic 
hydroxide (803° in.stead of 327°), and iliere is more dilliculty in 
keeping it in a state of complete fusion. At this hightomjierature, 
moreover^ all the substances concerned, s*dium chloride, chlorine 
^ and sodium are extremely corrosive, and the containing vessels 
are likely to,be quickly destroyed. Furthermore, .sodium is ex-* 
treme^ volatile at these ranges (it boils at 877°), and, what ft more 
serious still, the metal is, to all intents and piuposcs, soluble in 
moltei! sodium chloride ; probably it is not soluble»in the strict 
• .scn.se of I he word, but forms a “ mctalhc fag ” consisting of minute 
metalhc 'particles of colloidal size distributed through the salt. 
Even in the electrolysis of the fu.sSd hydroxide,* th(; sodium tends 
to form a fog to some extenf, atid minute globules of the metal find 
their way to the anode an^l are destiifiyed. Owing, no doubt, to the 
lower temjx'rature.^the nJienomenon is not—in tjje case pi podium , 
hydroxide—fajal tu tig; process, although it lowers the current' 
elllcienoy considerably. iTut, in a fused chloride, tlfh fog fbrnfation 
if so serioiw as to riliider the process almost unworkable. 

Metallic sodiunf is used piaiRly for the prejiaration of the cyanidg 
and of the peroxiSe ; it is jiraployed, to. some e.xtent, in organic 
chemist}’ 3 l, b’oth as a reducirtg agent and a debydrating agent. 

Cyanide. Comrnei'cial “cyanide” may consist^of jiBdiuin 
cyanide, potassium cyanide, or a jnixture of th<i twb. It pbiys a 
most importdnt part in the metallurgy of gold anQ silver, and 
also employed in the elcctro-lfepo.sition of both metals., • 

A good deal*of cyanide is. prepared ft-om the potassium ferro- • 
cyanide obtained at gas-works, as a bye-produeS in the purification 
of coal-gas. The modern piethod is ,to heat jthe jjbtastmini ferro-^ 
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cyae/de wiith'nMteJlic podium,'Hvherel)y a mixture of cyanides is 
obtained , ".t t r • 

K 4 Fe(CN)e + 2Na -= 4KCN + 2NaCN + 

Th^) quantity of cyanide obtainabW by that process is, }»owever, 
‘quite,-insuHicient to meet the demaiid, aiMl many other methods 
of manufact.ire have been introduced. Of these, Casfner’s pro¬ 
cess, used on a large scale at Frankfurt, al«r involve.s^the u.se of 
metallic sodium,t ,Ory ammonia gas is ledAver ftiffiten sodium 
giving sodamide, and the sodamide is then fused with coaV or 
charcoal,* yielding cyanide. The reaction can be expre.ssed, 

. NaNHj + C NaCN + H,, 

f 

but is generally believed to take place in two stages, sodium cyana- 
mide (NajNjC) being the intermediate compound. 

2NaNH, + C = Na,NaC + 4H 
Na.,Ni: + C 2NaCN 

Beilby’s process, cmJ)loved at Glasgow, docs not require the 
employment of tnetallic sodium. I’o/as.siiim carbonate (mixed 
with a little (yanide fr,?!!! a ])rcviou.s operation, .so as to lower the 
melting-point) is fused, and treated with charcoal in small quan- 
*-tities, ammonia gas being forced through the molten _^nass 

" + 4C -f 2NH, 2KCN -f liCO + ilH,.. 

If care is talfcn not to add the (iharcoal in too large (piantities.The 
product is white, and suHicicntly pure. Earlier (German) attemjd.s 
to prepare cyanide by this reaction led to a black pro(,luct, which 
had to be leached,and rccry.staliizcd before^ it was lit for the market. 

During the war, another importiint method of making cyanide^ 
was developed in America, nanicly by heating calcium cyanamide 
with .sodium chloride in an electric iTirnacq^ A little calcium 
‘ . earbid'e ik added'to the charge to i)rcvent " Ibaming.” 

Very (iiany iithcr methods of obtaining cyanides have also been 
suggested, and some hXv(! been iiseil on a larg.c .scale. , < 

j Sodium peroxide is made by pifssiiig dry ait, free from carbijji 
dioxide, over metallic* qodium, at 3<]0°. TluA,sodium is cut into 
slices and placed qn aluminium tray.s which are exposed to the 
ourrqnt of'air in iron tubes, the passage of air being arranged on the 
“ countcr-emri-ertt principle ” ; the fresh air pa.s.ses first over the 
^tray*containing material almost completely converted t6 peroxide, 
and^ only when the air has lost moct of the oxygen does it come 
in contact with fresh solium. ' 

* B. Wiser, CAew. Zeit. 37 (1913), 1521. ' 

’ W. S. Lupdis, Tran.i. Amur. ISleclrochem. Soc. 37 (1920), 053. 

<• I 
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Sodium peroxide is largely *used»in bWAhing>,, In u|ai\y c^ses, 
and cspecJftlly ^^^BQre wpgl ^as to be tryeatcd, alkalinity, of the 
solution is ffct reduced by the additfon of sulplufrie acid, or* of 
magnesium sulphate# • 

Manu^geture of Hydrochloric Acid and Sodium Sui'^hatC' 
(“ Salt-calje ”). Another manufacturing process of '•(hich soc'ium 
chloride forms the starting-point, although less important at the 
present tirHo^Hjpn formerly tlie eas(!, is ilit^^^reparation of hyftro- 
ehWric acid and sodium sulphate ; they are ])roduc('d,by the action 
of sulphuric acid on salt. The operation is now carried oitt mairdy 
for the sake of the bydrocblorio acid, but, in the days of the Leblanc 
alkali-pgjcess, it coTistituted the lirst step in thb manufacture of 
sodium carbonate and sodium hydroxide. • The deeoihjMsition 



» ' 

oecairs in two stages. Tiu^ .lirst, wbieli leads to the formation of 
bisul|>hate, 

Nadi + H,S(), -- bfaHSOj + HCl 

• • * » * 

lake's j)lac(^ a^ a eumjjiratively low temperature, whilst, in the* 

second stages, which reqifires .'i much highei' fefli|)era.fLir('* the 
liSulphateliberates "a further ejuantity of fiydrogen rhloride 

NaCl + NifHS()4 Na,SO., llCl. 

»• 

The typo (Jf furnace which»is still largely .uset^ for the operation is 
shown in Fig. 8. The salt and sulphuric acid arc placed*in U'# pan 
A, which is warmed iSerely to a moderate ti'inperiltiiret Here the 
first stage of. the reaction occur.s,*the hydrogen chloride escaping_^ 
through the pipe B. T^he maasiof bisulphate and salt is then rgked 
into the muffle X), which is heated red hot by llames from* the grate 
G ; the fhimes pass first above the muffle and tben belcfw^t, finally 
passing under f lu' pan and helping to raise *1110 temperniure there 






48 MET/LS AND METALLIC fcOMPOUNDS 

alsa III the" invifle, tlie 4ecoi»4 stage of the reaction takes place, 
the ny/lrogcn chlv^ide passing tiway tl^rcjiigh thd.pipe ©. 

'During the second stage of the process the charge nfci^t be stirred 
up with rabbles. In the form of furnace pst described, this is 
,donet:by hand, although it is lu'avy^ work. Many atteiri^^ts have 
beep made to introduce mechanical furnaces into the salt-cake 
prtjcoss, and of the.se Mactear’s furnace, w'hich dates from 1879, is 
stiK much used.^ la ^bis furnace! (Fig. 9), tjfe bed j^'thc hearth 
is essentially ^ ( ircular saucer, set on wheels W, which run gn a 
circular,■•ail-track, B, below. Mechanism is provided which causes ' 
the hearth to Actate continuously about a vertical axis. The 
mixture of salt and acid is fed continuously into the depression D 
at the cMitre of the bed and is gradually mixed and pusheef towards 



the edge by stirrers S,iS,S (both fixed and rotating),'witlf which it 
comes in contactms the bed nutates. The whole is heated by hot 
gases from a grate which pass thrcrigh flues F,F above and below 
the rotating hearth (or in thg older tyjx! of furnace play directly 
on the charge). By the time the <harge reacljes the circumference 
of the rotating fied, and is puslied off intp the annular trough T, 
the fontersioir into salt cake is compk^te. The chief disadvantage 
of the Mactjcar furnaPe, and indeed of all -meohankal rabblkig 
devi(!C.s, Is that corrosive gases (iit this case lydrogen chloride) 
invariably attack tho'meehanism. ^ «. 

Whatever type of furpaee is used, the hydrogen C!lil()ridfc produced 
passes ofT*through pipes, which are usually carried through the air 
for some dsst,ance, so as to cool the gases. ‘The gases then travel 
throhgh a condensing plant where the hydrogen chloride is con- 
‘densed in wator,<<jdclding hydroebk>ric acid. Often the conden- 

^ See .7^ t^oc. Chetn. Ind. 4^(1885), SB-J. • Varioiia other types of mechanical 
furnaces are\lo.scribe4 by <3. Liiug<\ " .Sulphuric Acid and Alkafl ” {Vol. II) 
(Ciurney Ja^ikson). • 







SODIUM 


49 


sation of the first .portion is broiighj about 4)y fSip* passage of*‘tho 
gases through'a strtes of iafthenware i)«ts contMiing iffater. But 
in general tiio absorption of the last portions of tlie ■ hydrogen 
chloride 4» effected in some form of condensing tower, down ’j^hich 
water is allowed to pass the flydrogen chloride is removed b;f the 
water, hydn^phloric acid Being collected at the bottomf It is fiji- 
[lortant toilet no a[)})r<‘ciable quantity of hydi'ogen chloride cscijpc 
into the air, a».-/.he ac';d fnmes arc extremely1kM-ru<divc, especially 
ti^ vegetable life. In most countries, there .■ye )iotv* very strict 
regulations regarding the amount of hydrogen cl;loridc allowable 
in tin! exit gases.” Escape of the gas may occur ijot only through 
incfticienf^condensation by the water, but also by leakage^ This 
is [)articularly likely to occur at the muflle, which is liahh! to become 
cracked owing to the high^tcmj)eraturc. Tlic furnaces arc, therc- 
fore, usually so controlled that the pressui'c in the Hues is slightly 
in cxci!ss otthat in tlie mnIHe. If, tliercfoi'e, a. sliglit crack in the 
walls slnjuld establish (•omuumication hctj’etu the muHle and the 
(lues, Ihc leakage will he inwards, and not outwards ; the hydrogen 
chloride ^ivill he eoiitamiuaUll with flue gas, not llie tlui! gas witli 
hydrogen chloride. * 

,In the Ha»grejives process, sulphur dioxide, air and steam 
are used in th(i,plaee of suljiluiric acid, the separate manufaejnre 
of the jfeid thus lieing rendered unnecessary. Porous blocks of 
salt, formed by pressing together jiowdcry salt whilst damp, are 
treated a itli the gaseous mixture at a tempi'j'ature of 5of)“ C. I’hc 
ilsaction is extremely slow, and not only Die lemperature, hut also 
the proporti(»i of steam and air. reqiilj'e earefni regnlaticjii. At the 
end of a few weeks, the cake of salt has l)een eom]Uctely converted 
to sodium sulphalj!. * 

It is found that the reactiwi is accelfraled soniculiat if the oxide 
of iron or copper is prt'seut^is a catalyst; it has tlx'i'cfore feectunc 
customary to intr*>duc»saM.s (jl iron or copper into (ho cyuii]) S 4 )di 4 m 
chloride before it is pressed into hloclcs. , 

Sillium sulphate is commonly known as “ salt-cake,” ()Uaccount 
of thc! tendency of tfic salt to calc(! together to.a liard mass. It is 
used, to some considcS-able extaftt, in glass-making; it is also the 
source of soJium sulphide, whilst the hydratf (Glauber’s salt) lia.s 
a limited use in mcdiciuc. 

Sodium spiphide is made by heating sodium sulplhajc witli cotll, 
or coke, in a revolving funlacc. 

Jla^SOi -1- 40 = NajS 400. 

After the roaftion is over, the furnace is discharged, and the black 
mass extracted with water ; tjie solution is separated froTli the 

M.O.—VOL. 11. 
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exciiss of fuel, then ovafiorated until the amount of water 
remaiiiing f s less-Hhan tltat corresp6fidi»g to (die ’scffid hydrate 
NajS.OHaO- The liquid is then allowed to run into <(iipks or drums, 
in w^ich it solidities. It is employed c(ynsi(ferably in the prepara¬ 
tion! of “sulphur dyes,” and also ia tanperies for rempving hairs 
from the hides. 

^ r 

(Borax or sodium borate {N^.BjOj.lOH^Q) is anotljcr sodium 
compound made od it very large scale ; tliC cotneCinest method 
depends on' the cbicomposition of naturally occurring calCiunj 
borates with a .Jioiling solution containing sodium carbonate and 
bicarbonate. After removal of the precipitated calcium carbonate 
by filtrp.tion, the hot solution is run into tanks, in whiehdhe bora.K 
crystallizes out in glittering erystals. The anhydrous salt (borax 
glass) is obtained on igniting the hydriibi ; it is used as a constituent 
of many glasses, enamels and glazes, and finds employment in 
•metallurgy as a flux, « 

The chlorate and' perchlorate of sodium are used to som(^ 
extent for the same purposes as the corresponding potassium salts, 
and are prepared by methods analogous to those which will bo 
described in the section on potassium. They are. naturally cheapen 
than the potassium salts, but, being more soluble, arc less easy to 
prepare in a pure state ; moreover, being more hablc to absorb 
moisture, they are less suitable for many purposes, such as match¬ 
making, although quite useful for the maniifactnre of aniline black 
and similar subslunces. 


t 

Fatty Salts of'Alkali-metals. Soaps 

(Soaps consist c.ssentially i>l the sodium or yotassium salts of 
various fatty acids, or mixtures ol such salts. 'I'hcy arc manu- 
factureU, as a lulc, by Hn' action of caiistic soda ujxm fats, which 
caK bw-regarded as the glycerine salts of Itie tatty tu^ids in (picstion. 

Glycerine is an organic hydroxide, CaUjlOH)^, whidi inlcj|.^icts 
with acids .such ,as 

* <V 

Palmitic,acid . . ( CuHsi.COOH 

Stearic acid . . '‘CijHjj.COOH 

to'form ^alts, „ 

C 

*' »Glyceryl palmitate . CaHjlCOO.CuHjiJo 

, Gbyccryl stearate ,, CaH/lCOO.CijHt,,), 

These salts are often deferred lo qs the “ glycerides ” of palmitic 
and stearic acid# respectively. 

Thedat df the, hog, shpep and ox contain both the glycerides 
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just mentiqned, together wit|j an “ unsaturated ’^glyceride derived 
from oleic aci(?, afi acid cdhiSiining less Itydrogen than ^aric acid, 

Glyceryl ol#ate» C 3 H 5 {COO.Ci,H 33)8 

The supply of animal fats aviilable,for soap-making is, howiver, 
comparatively small, and It is necessary to rely largely lipon ve^- 
table oils, ^iich as cncBa-nut, palip-keriiel, and cotton-seed oils,»as 
raw materials'in soap-boiling. In addition^ ?ftri(ius oils derived 
^ff^nf fish have been brought into use. All thesf subslitncea^, which 
arc liquid at ordinary temperatures, contain a largo proportion of 
“ unsaturated glycerides,” and in general yield soap of some¬ 
what soff*r consistency than that given by saturated glycesides. 

When a glyceryl salt of a fatty acid is heatitl with caustic soda 
solution, “ sa])onification ” takes place.' I'hi^ sodium hydi’oxidc 
displaces the glycerine and the sodium salt of tlu^ add in iiuestion 
is formed. •Thus'caustii^ soda boilislwith glyceryl stearate producoif 
sodium stearate and glycerine. From the #q«eous solution of soap, 
made by boiling fats with caustic soda, the solid sojps can be 
obtained by the addition of sodium chloride (salt) to the liquid. 
The concentration of sodium ions is so much increased by this 
iyldition that the limit of solubility of the sodium soaps is exceeded. 
In consequence.) the soap separates out almost entirely fron^ the 
solutionThe glycerine was at ont^ time allowed to separate 
witli^he soap, and this i.s still the q)ra(;tic(; in the preparaUon of some 
“ toilet si:aps ” ; but, in general, glyecjine is now considered too 
Valuable .t doyipound to be wasted, and is rec(jvered fi'om the 
solution aftiTr the soap has been separated. ^ 

'I'he proces.s of soap-boiling i.s not complicated. The fat, pre¬ 
viously molted, ami the caustic alkali solution are, run into a large 
tank or “ soap-kettle,” which contaiifk coils through whii h steam 
is pa.ssed in order tolieat the mixture t()^boiling-it>int. .‘■tleitin is 
sometimes driven dirftitlf iijto the liquid to promotq the giixing. 
When the saponification is complete, salt is %dded, which I'auses a 
separation o^tho .soap from the ^queous solution ; the soin), which 
is liquid ant) lighter than the solution, rises do the top. and the 
watery liquid, which contains ^cess of caustic soda, along with the 
sodium cHorido and most of the glycerine, can Be drawn out from 
below. Usually, howower, the saponification is still incomplete, 
the soap containing some undecoinposed fat. It is‘customary, 
therefore, to boil it with a further quantity of capstic soda, until 
this fat also is saponified. The soap is then boiled with watfr, 

' For thooi^ of sapoaitioatioa sec M. H. Norris and MeBain, Trans, 

Chem. ,S'oc. 121 (1922), 13U2. • . 

“ For tlioory of salting out soe J* W. McBaift and A. ,h Burnett, ibid, 132(1, 



62 , MEMLS AND METALLIC COMPOUNDS 

ancl<".s finally ruft Violten into frames where it soljdifies ; afterwards 
it.is cdt into bars'ot cakes 5)y machineiy* • ' • " ** 

Yellow soaps contain a certain amount of “ rosin, »a substance 
whic|i is cheaper than most fats. It' is itot fo be regardecj, entirely 
’ as a diluent or adulterant because it fe itself capable, to sqme extent, 
o^^hponificRtion. Many soaps contain sodium silicate^as a “ filler.” 
Toilet soaps are especially carefully prepared, as to be as free as 
possible from uijcorr-bined alkali; any hydroxide tj»rt may remain 
is usually converted,to carbonate by treatment with carbon diotiule. 
Sometimes, uns 5 i,ponificd oil is incorporated with the soap, which 
fulfils a similar function in reducing the alkalinity. 

The glycerine of the alkaline liquors from soap-nial^jng is in 
general recovered, but a certain amount is always lost. During 
the war, glycerine acquired a very con.siderablc importance for the 
manufacture of e.xplosive.s, and the methods of soap-making were 
regulated so as to enable the maximum quantity of glyfcrine to be 
recovered. One geneoal^nethod is to break up the fat into the free 
fatty acid and glycerine by suitable treatment, and afterwards to 
neutralize the fatty acid with alkali, 'so as to obtain soqp ; this 
procedure also enabltfs the maker to employ sodium carbonate in 
the place of the more expensive hydroxide as the soursc of alkali. ^ 
Various methods have been used at different tiiqps to break up 
the fats into fatty acids and glycerine. Superheated steam' aloiu— 
if irdroduced under eon.sidcrable pressure and temperatufe of 
about 100-180° C .—is capable of effecting the hydroly.si.s. It is 
preferable, however, to use an acid as a catalyst, siiirs' it is then 
possible to work without excessive pressures, atid yet'h) carry out 
the hydrolysis nwre ((uickly tlian with steam alone. In the Twit- 
chell process, which is largely ifsed, the fat is,,boiled with dilute 
sulpho-benzene-stcaric acid ('<;r .some sjmilar acid) for a hwv hours. 
After-wards thci,product is allowed to soparat',; into two layers, the 
fat|y qpid above, and a'watery layer cmitaining.glycerines below’. 
The boiling must be cqpduoted in a vessel from which air is excluded ; 
otherwise dark-coloured products arc formeil. There is no difabt 
that the true catalytic agent in the'Twitchell prfices.s is the hydrogen 
ion. All acids are capable of calling the l?ydroly.sis of organic 
bodies of this chaiuctefl-. The special virtue of the complex organic 
acifis* employed in the Twitchell process is that, by the use of such 
reaigents, the mutual solubili^ of the oily and watery phases is 
increased.* ' , 

■The “ splitting ” of the fat caif'be also brought about by means 
of certain organic cathlysts known as “ enzymes.” Many fats 
decompose into glycerine and the fatty acid spontandou-sly in the 
^ fi/. Brinor unfl A. Trai^ipler, Uelv., Chim. Acta, 5 (1922), 18. 
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presence of these enzymes. Jiutter for iirstancfc^ls well knovift to 
become “ rancid * if keptHoo long, beesHisc—owing to the pfcsence 
of an enzyme—one of the fatty constituents (glyceryl, butyrate) 
hydrolys(p8 into glycerine*.and butyric acid, the latter sub^ance 
possessing, the well-known dnpleasant taste and smell.^ An 
analogous sjjpntaneous hydrolysis of fats in the presenee of a st^jt- 
ablc enzyme (“ lipnae ”) has been employed on a eonsidert^ble 
scale for soaf-making in Germany. 

the Krebitz process of soap-making * which'in worked at 
Chicago, calcium hydroxide is used to deeompo.sp the fa\. This 
yields the sparingly soluble calcium soap, whk^h, after washing to 
remove §11 the glycerine, is decomposed with soclium carbonate ; 
in.soluble calcium carl)Onate is ]n'ecipitated,» and sodium soaps 
remain in solution, and may bo ’ salted out ” t)y the addition of 
sodium chloride. The advantage of the proces.s is that practically 
all the glycerine is recovered. , 

“ Soap powders ” tisually eontain, 4)e»ide.s soa)), aniiydrous 
sodium carbonalo (soda ash). One. of its functions scejns to be to 
absorb *ny moisture that may find access to the mixt\ire, and thus 
to prevent the particles of soap from sticking together ; it also, no 
doubt, serve!? to soften the water. 

Thetwy of Detergent Action of Soap. The reason why •soap 
possesses a unitjue value as a cleansing agent has long been a 
sid)f et of speculation. It h.as for many years been known that it 
.possessed S(.un<! y)Ower of loosening the film^of fat or grease which 
allows ■■ di^t ’* to cling to a surface. Foi'inerly the grease-solvent 
])ower of soa[) was as(!ribcd to the alkaline rciiclioK of the solution ; 
it Wfis |)oiid-ed out that other i^lkalinc solutions, such iis those of 
iimmonia or boraS, idso possessed a pjiwer of removing certain fats, 
'this explanation, (jowawa-t, is clearly wrong; the fat-solvent 
l)roi)erties of strong ammonia, for instamie, is duo*to the tact t hat 
it attiicks the fats Arming an ammonium so.ap. The alkiilrtiity 
ot ,?na)) soh^ions is, l-owever, due to the brkak up (or, hydrolysis) 
of the soap itself klirough dilution with water; and it "is almost 
inconceivalrlc that .f,he alkali,thus formed lihould at the same 
dilution—l*e able to decomjxise further fi^t., forming fresh soap, 
and thus" reversing the hydrolysis reaction, Jloreover, soap, re¬ 
moves m.any substan(!ek, s\ich as mineral oils, which-arf imatfacked 
by alkalis.. 

The fat-removing power of spjip is now known* to be due to^its 
emulsifying prop,crties. When soap solution and an oil arh rubbed 
together, t^e fat becomes subdivdded into minufe partitlas which 

* G. A. Wrisley, J.Jiul. Kntj. Qliem. 8 (IJIUi), '?32. 
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renig.in suspenddtl jn tlje soap sfolution. The relative ease of forma¬ 
tion and the stahiity disp{aye4 by eihjjl/ions formed ift soap solu¬ 
tions—as compared with those obtained by shaking oii with ordinary 
water^—is to be explained by the abnornjally tow interfacial tension 
bet\^en soap sohition and the oil ‘; it is tljought that one important 
faotor is the formation, upon the surfaoe of the oil globules, of a 
protective skin, which prevents them from coalescing. In addition 
it 'appears that a grwp solution 'exerts a true solvjjut fiction upon 
certain subatauecs (e.g. paraffin) which are quite insoluble in watej.^ 

The colloidal character of concentrated soap solutions has already 
been discussed iii Chapter VII. 

Softening of Water. The fatty salts of calcium and magnesium 
are insoluble. Phis' is very unfortunate, since most waters contain 
soluble salts of these metals. Consequently when soap is dissolved 
in ordinary water its fatty acids are at once precipitated as calcium 
and magnesium salts, and no “ lather ” can be obteined until 
sufficient soap has been, dissolved to react with the whole of the 
calcium and magnesium present. Consequently, before water is 
.suitable for laundry work, it nuist be " .softened.” c 

The soluble salts oV calcium and magnesium which, are found 
in water arc the bicarbonates and sulphates. .The* bicarbonate", 
arc decomposed by boiling, carbon dioxide being ee-olved and the 
insoluble normal carbonates being precipitated. Thus the hard¬ 
ness due to hicarbonates is called ''temjmari/ hirdnefts” and can 
be removed by boiling the water. Another way of dispelling 
temporary hardness i.s" to add the ])roi)er quantity pf ‘milk of lime 
to the water ; the hydroxide.reacts with the bicarboiiSite yielding 
the normal carbonate again. In some towns where the water is 
.so hard ns to be injurious even for driidring purposes the whole of the 
public .supply is softened with lime in this way. The “ permmitnl 
hardmsf," due to the presence of the siKphatf'S, is not dispelled by 
boijingor by the addition of lime. It is rmnoved l)y adding sodium 
carbonate to the watyrs, which pi’ocipitatcs the calcium and mag¬ 
nesium present as insoluble carbonates. 

A certain amount of water is how softened by the so-called 
“ Permutit ” process*; the wat# is allowed to jiass through 
vessels containing'a la'yer of solid “ zeolites,” or hydrated silicates 
of kodiurn ami aluminium. Double deconi])osi(ion occurs.'’ Cal- 

r's. .‘V. Shoicor ami S. Ellingwortli, Pmc. Eoy. Soc. 92 fA] (lfll6), 231 ; 
R. T. A. Mee.s, C/itm. Weekhlnd, 19 {1!I22), 82 ; E. E. Walker, Trans. Chem. 
Sot. 119,(1921), ir>2l. 

* S. U. Pickering, Trans. Chrm. Soc. Jll (1917), 86. i. 

* For*i.h,?oreficaLdotail8 of the change see A. <J. Schulze, Ccitsch. Phys. 
Chem. 89 (1914), 1G8;. Zeilsch. Elektro^iem. 26 (1920), 472; V. Rothmund 
and G. Kornfeld, Zeijtsch. Anofy. Chem. 103 (1918), 129. 
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cium takes the place of the sodiuM in the,zeolittf, aftd'the water, 
after the treiltmant, coiitaiVs harmless |iodium ;«lts in.the place of 
harmful ca’oium salts. When the zeolite ha.s absorbed a large 
quantity of calcium, And Is consequently becoming less effective, it 
is possibl(i to re-actify it by treatment with a concentrated st^utioni 
of sodium (;hloride ; the* reverse action occurs, calcium being re¬ 
placed by sodium. «'Jihc zeolite can then be u.sod as a water-softener 
for a cousid*rable further period. 

spite of the success of this and similar softcwiiiig processes, 
the discovery of some cheap fatty acid, having a solubhf calcium 
and magnesium salt, would be e.xtremoly welco’me. The sodium' 
salt of jjich an acid would con.stitute a soap which could be used 
cfTcctivoly with hard water without any prijvious trcatifient and 

without the employment of sodium carbonate. 

• 

' Industries based upon Sodium Nitrate 

Although sodium nitrate is not, used, to any great extent, as a 
source^, of .sodium eomfioiflids, tlu^ chapter woidd b^ incomplete 
if some rofen'nce was not mad<5 to the in.^)ortant industry which 
depends on.Chili saltpetre as raw material, 'J’lu^ caliche, or crude 
nitrate, contains, as it is mined in Chili, a gr(^at deal of insoluble 
inaterfal, stones, sand and clay, as well ,as sodium chloride, Various 
sulphates and t.racc of sodium ifjdabr it is subjectcal to a rough 
refining in Chili.^ The caliche is extracted wdth boiling watiw in 
tanks litted with false bottoms, and the solution is drawn off from 
the eoarstr insolnble eonstitnents ; it passes through settling tanks, 
wdiere much of the lighter inqmriAcs, which luA^e been carried off 
in su.sj'icti.sion, setf.lo to the hettora. It is often found, howev'or, 
that many of the particles, being lof colloidal size, do not settle, 
and the problem d siqiaj-ating tlie lighter elay jj^rtieles js pot yet 
entirely solved, alfjiough the installuttoii of continuous filtration" 
jilants is said to liavc givmn fairly satisfactory rcsiflts. * * 

' 'I’he liqifid litially pas.scs into crystallizing tanks where tlie nitra(.c 
crystallizes out; the product f)i)tained still contains some chlorid^ 
but inost of the iddate - whj|Eh is of impyrtaiice as being the prin¬ 
cipal SQurce of the world’s stipply of iodine—rpmaitrs in tlie mother 
liquor. 

The nitrate thus obtained is shipped to couritrk!.s'where it is 
required," a considerable quantity coming to .l5ngland. It*is, of, 
course, mainly employed as- a nitrogenov.'f feAilizer. Nitra,tc is 

• 

^ ,1. B.^Kobsbaum and d. L. tJrigioni, J. Soc. Okc^n. Ind. ii6»(1917)» 52. 
See alao F. G. Donnan, “Report on Programrr^ ot Investigation for the 
Chilian Nitrate Industry ” (1921) (Chilian^Nitrate Commiiteo). 
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probabl^ 1>he*ina#j,suitable forB» of nitrogen for unlimed soils ; for 
calcaraous soils, t^ salts ijif aAmionia'^aijB, thougkt Jo ^ive better 
results.* In wet weather sodium nitrate possesses the disadvantage 
of being washed away by the rain .mo»o quickly than ammonia 
.salts-V Sodium nitrate is a more rapid fertilizer than ammonium 
sulphate, because—under ordiViary condjtions—the ammonia has 
to*be oxidized to nitric acid, by means of bact;pria existing in the 
soik before it can repdily be assimilated by the plarjt^ 'it may be 
metitioned Ip'pe' that calcium cyanamidc, another nitrogenous 
fertilizer., is slower siill in action ; it probably ])asses through two 
' stages before becoming active, first being converted to ammonia, 
which in turn gives rise to nitric acid. 

A eontiderable amount of Chili saltpetre is used for the manu¬ 
facture of nitric acid ; for this purpose it should be as free as pos¬ 
sible from chlorides. The nitric acid is produced by heating Chili 
saltpetre with sulphuric acid. As in the case of the nujnufacturc 
oT hydrochloric acid, two stages arc pos.sible :— 

NaNC., -f H,,S()< :. NaHSO, -b HNO;, 

■ NaNO;, -b NaHSO.,NalSO, -b HNO, 

But the second stage requires a very high temperature for com¬ 
pletion, and, in any case, produces a substance (Na.,fSp,) which has 
an inconveniently high melting-point. In the practical ■'manu¬ 
facture of nitric acid, therefore, the, main bye-product is the bisul¬ 
phate (NaHSO.,) mixed with its anhydride {Na.&.O,). 

The operation is carried out in iron retorts heated in .a furnace ; 
the nitric acid distils off and condenses in pots, tho'laitfportions 
being absorbed ima tower. The mixture containing bisulphate is 
taken out of the retorts in the molten condition, and when solidified 
is known as “nitre cake.’’ If. has an acid reaction, and is used 
where a cheap acid liquor is required.'^ During’ the war, when 
-.sulphuric acid wifs scarce, it was u.scd, in tjje pjace of that acid, in 
the mant.faetuTe of hydrochloric acid ai'.i also in the manufacture 
of ammoniuqi .sulphat/. Nitre cake has also been eriployed^n 
the treatnfent of water. In spite* of various (suggestions.^ the 
problem of how to utilize the byo-procVict has not fully bden solved. 

Nitric acid is, of coun-jc, largely used in the manufacture^of high 
explosives and of Sie intermediary substances required in the 
prcparation-of.dyvs. A great deal is now prep&red from atmospheric 
nitrogen, either, through direct ‘combination of the nitrogen and 

*' * 4 

^ J. G. Lipman and A. W. Blair, SojX Sci. 9 (1920), 371 ; C. E. Thorne, 
9 (1920), 487. ‘ « ‘ ^ 

* J. Grossi^ann, J.* Soc. Chem. Ind. 35 (1916), 155; 36 {lai7), 1035; 
W. H. H. Norris,, y. Soc. Chem. Ind. 40 (1921), 208t. 
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oxygen oi tne air eiicciea by mean* of thc|el'ectjrk arc,'or by .the 
oxidation yl f mimbnia, wj^kih may Itself be proi/iced Jrom *alrao- 
spheric nitr<^gcn. In spite of the success abroad of the last-meh- 
tioned method of ii;ring*atmosphcric nitrogen, the manufacture 
of nitric' acid from Chili saltipetre is likely to continue ir>|this 
country for many years Jo come. ' 

''Clifts' 

^^^neral. A brief reference wa.s made to the condHion of matter 
** known as the “glassy state’’ in the introefuetion. It’will be 
neces.sary to recall hero the main point.s of our conceptions of that 
state, ^^hen a fused salt is cooled flown below a, certain tempera¬ 
ture (the freezing-point), crystallization commences at* certain 
places within tlu^ mass, and extends outwards from these points 
until the whole is solid ; ^Iie process of crystallization apparently 
consists in ^he atoms arranging themselves in orderly array accord¬ 
ing to some definite and specially stable arraijgcment. If, however, 
the fused salt be already viscous at the tcm))er;rturc in question, 
the ju'oje.ss of crystallizati(/fi occiques a considcrabh^ time ; and, 
if the salt bo caroled dow-n ((uickly through fhe freezing-jroint to a 
]^w temperature, at which the viscosity becomes \xry high, crystal¬ 
lization maybe avoided altogether. We thus arrive at a “glass,” 
a mass “In which the atoms and molceules f'xist in “ disorde’rly ” 
faslijon, as in a liquid, but which jrossesses a rigidity comparable 
to thai of a crystalline substance. At fairly high temireratures 
•at which glass is “ soft,” it is correct to regard glass as an extremely 
vi.scous li’piid ; but it is probable that at low temperatures the 
molecules lose almost completely ^heir “ tranillatory ” motion, 
and link up with yne another in ft network fif chains of more or less 
permanent character, thus accounting for the rigidity of the 
material.- A glassy*solid•differs from a erystalliye solifl*oi»l,y in 
th(^ fact that the at»ras«(.ir molecuh's arh not arranged according 
to a definite plan, on a .space lattice. 'I'he^structure of a glass is 
coYiilrarable ^o that of a “ gel.” Probably “ solidified ’i gjass bears 
the same sort of relrtion fa “ Itised ” glass qs a “ gel ” does to a 
“ sol.” 

We majf expect to obtain the'glassy state most (liisily in (impounds 
which are viscous just^above their melting-points, 'fhe siliciMes, 
the, borates, and the phosphates arc comj)ounds o.f"this charaijter. 
It has already been statejl that anhydrous borax coolffd down fairly 
quickly hardens to a clear glass, and the same ^s true of many 
. • • 

' W. Ro^ihain, "Glass Mamif(*;tiiro ” (Constshle). ,, 

“ M. W. Travers, Trans. Faraday Soc. 16 (li)2I), ApjJhndix, p. 02. Com¬ 
pare C. V. Raman, Nature, 109 (1922), 138. * 
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ailiejites ana plMTOhatesA No(v, if instead of,taking one single 
silicatls, we, take <y mixture of two or •three siliciltes^ we naturally 
depress the crystalUzing-point to a temperature at which the 
viscosity of the melt is infinitely greatef th$n at the cry^tallizing- 

• poinA of a single substance, and itasuch ^ases it may Jie possible 

to •cool thw mixture exceedingly slowly «nd yet to obtain a glass. 
In fact, if the composition of the silicate njcli bo chosen rightly, 
it should be possib,l» to keep tho'glass produced at a<<5omparatively 
elevated te»iperature for hours together without any percopffjjje^ 
crystallization (or (Jevitrifloation) occurring. Glass which is to be 
of practical utility must, in g(!neral, be capable of being “ annealed ” 
without appreciable devitrificationalthough it seeing possible 
that e\^cn in the l)(-'.st glasses minute ciystals may conunonee to 
form if the anneahng is continued long enough.'' In inferior glasses, 
devitrification oecurs mor(> easily, silica being the substance dc- 
jiositcd in most eases. Certain glasses which dev’itijfy sponta¬ 
neously are, honever,,i)urposely made for ust^ where a semi-opaque 
substance is desired ; many of the “ milk-glasses ” are of this 
character. ’ • , 

A glass has, of eoift-.se, no defini((^ melling-poinf., but it is con¬ 
venient to sjieak of the .softening-i)oin|. ” of a gh-ss, by whicji 
i.s meant the tenqierature at which the glass begins to “ flow ” 
percejitibly under the influence of a small force, such aif that of 
gravity. It is probably not an exact physical epnstant, Iiulccd, 
glass can bb said to fhiw slowly at ordinary temperature.s ; for if a 
long piece of soft glass tubing is allowaxl to lean against a wall for 
some time, it is found to lose its original straightness.* 

Unlike a crysftil, a glass has no cleavage jilanes, or directions of 
especial weakness ; it is jirobably ftpon this fact tj,iat the mechanical 
strength of glass—as contra«tcd with.an aggregate of crystalline 
silicfitesi dcpeijds. 4 * 

Glassy substances ar(f frequently mci with ii) nature and in 
industry, itie silicate rock-magma which, when cooled slowly 
deep in ^h» earth's crust, yields the crystalline rock*gi'anite,‘pro- 

• duce.s the glassy hu'^i rhyolite whfn oooled qifiekly on the earth’s 

surface. IMany <->f tlu' .‘silicate mixtij'es (“ slag? ”) whieli pour forth 
from furnaces diwing* raetallurgicaf operations cool tb.mas.se.s of 
glaesy character. , 

Commercial’glass is essentially a mixture of silicates in pro¬ 
portions chostm to render the gtassy state ijlable under the conditions 
to whic,/i the r^aterial is to be Istibjected. The silicates present 

• * ^ • 

' Cffntpare E. JCittl, Zcitfich. Anorg. Chem. 77 (1912), 

2 N. L. Bowon, J^Amer. Ceram. Soc. 2 (1919), 261. 

*'' Sir H. JttclfSAjj; Tr<it\fi.J‘'ara<iay So^. 16 (1921), Appendix, p. (51. 
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are normally those of sodium (or petassiuirO an£H!al(Jiuln,'but,the 
presence oi le>d, «,lumini\»i;Vmagnesiui^, bariuri,’and jinc may be 
desirable in .order to give the glasJs the refractive index, softening- 
point oj^ coefficient df. e:^anaion suitable to the uses to ^hich 
a particujar glass is to be »put. Iron is often present an» 
important constituent, since it occurs in most of l-ho che»ger 
raw materials employed. In addition, it may be convenient-^in 
order to olbtqffi the required properties—to,hjiye borates or pAos- 
pjj^es present in the mixture. Certain substahocfi, manganese 
dioxide, sodium nitrate, arsenious oxide or selenium, may be added 
to prevent discoloration of the glass by unde.^irablc impuritie.s ' 
(such a^u'on or sulphur), or to mask the colour'where it cannot 
bo prevented. In other case.s, where a coloyred glass is'desired, 
small amounts of colouring .sulxstances may bo added, whilst, if a 
semi-opaquo gla.ss is to Be ]>repar('d, the mixture may contain an 
opacificr. , Thc.se points will be considered in further detail at a 
later .stage. 

Raw Materials. (Hass is always made by melting together a 
earefuliy proportioned mi.'^lure of the necessary cons{itucnt.s at a 
high temjrerature. The glass mixture or “ Batch ” u.sually contains 
tsilira in tho form of sand ; for most glasses (and especially for 
ojitii^al^la.sses^ an extremely pure quartz sand, with low iron content, 
is desired. Before the war, most of the glass sand used in this 
em*ntry was imported from Holland, Belgium, and France, but it 
is known that there are many British sands—notably at Aylesbury 
- of suitably quality.^ Sodium or folasduin may bo added as 
carbonated Unless the glass is to contain lead, however, the sodium 
is more often added in the form of the sulphate,*which is cheaper. 
Where the sulplwde is employcfl, coke is also added to the charge, 
and, on melting, the sulphpte. is reduced to sulphite, and the volatile 
sulphur dioxide is (fien c;»j)elled by the silica, sodjum silioat* being_ 
formed. Potassium* is Sometimes added as nitrate. Aluminum. 
ma^ be added as hydroxule, or as kaolin (|iydrate(f silicate) ; but 
in eonnnoifglasses it is often added as granite or bas.dt.iron being 
thus introjluced in*eonsiderablS quantitie.s into the batch ; in som» 
finished glasses found to co^ain aluminium, it is clear that much 
of this aluminium was not added intcntioniflly, (l)ut has been derived 
from the fireclay of tlq.! pots or tanks. Calcium may beffintsoBuced 
either as carbonate or oxide, hnrtitnjusually as carljoneJte, magnesium 
and zinc generally as OKides. Lead is almost always added as redn 
lead ; as there is a danger oI*lead being reduced to tpp metallic 
state, it i^not fln\isual to include potassiBm nitrate, as an oxidizer, 

^ P. G. H. Boswell, “ A Supplementary Mcmoi|* on British Resources of 
Sands and Rocks usctl in (Jlass Manufacture ” (Longmans). 
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in si^glass biiteh* bpntajning lead. Borates arc itflroducod as boric 
acid Or borax, 'fi reqiiirt'd, one of Vhs'decoldriz^rs* mentioned 
above i.s added. Usually the natch contains a large quantity 
of cidlel or broken gla.ss from a prevwus'oporation, which pots as a 
' flux ^r the less fusible constituents! It i,s generally nepessary for 
thorinateriai's of the batch to bV litiely ground. , 

Itfelting of the Glass Mixture. In the wider glass.w'orks, the 
batch was mcltqd s'bwfn in fireclay pots, and pot furnaces are still 
used where tidnipiarptively small q\iantities of high quality 
, are needed, e.g., for optical purposes. Where large quantities of 
ordinary glass are required, it is now usually melted in large tanks 
lined with fii’eclay, set in a gas-fired furnace, ai'ranged so*that the 



flamt's (K burrting lu'oducer gas play off'r the surface of the glass 
in the tank^ A “ reife.iieratire. " glass furnadt^ is slunwi diagr.'Sii- 
^matieally in Fig. 10 ; the glass bafeh js contaified in the tank T, 
whilst the producer gas and air e»ter res|)eifiively through the 
chambens D and containing bric?K ch('(|ucr-work, tv'liich has 
pre^ously been heated, 'riiey thus enter the furnace proper 
distinctly Siql, ‘and, on mixing, burn, tavusing a temperature of 
^l,40fl°C. abow the glass ; the* burnt gases jiass out through the 
chequer-work chiftnbers A and B,»‘After a time, when the brick¬ 
work in A and B has become vcly hot, and that jn C and D has 
become Ooftled to a corresponding extent, the direction\)f the ga.s 
is altered by means df valves V, and Vj, and the gas and air are 
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allowed to flow in^through tile hot»chamber 5 A lyill B*, \^hflst tjiey 
flow out through* C and D.»* This ’* regenerative” sy^om «l}ects 
a great savi»g of fuel. > 

An alternative syst^n of, fuel economy, known a.s the ” recuyera- 
live ” system, is coming into' use. The princijflo is shosyr in . 
Fig. 11. Tl^e gas and airtiefore entering the furnace jj^ss through 
tubes, and the hot Vaijtc gases leaving the furnace pass out through 
the spaet^ suryf)unding these tubes^, thus prtOvoivting the gas and%,ir 
w^h arc entering. 'I'he periodic operation of vaK'm is not, in the 
recuperative system of heat economy, needed.* • 

The character of the refractory materials used tor lining a glass 



furnace is most importanrr mere is no unncuiiy iti iindtngtnib- 
staUces whi*h remain*unfused at the temperifture in quciition (which 
is distinctly lower tiian that^of t»steel furnac(^), but there Is a danger^ 
that the lilting maj*actually interact with life molten silicates. If 
the refr.^cRiry were decidedly acid, or dec 4 led|y ba.sic, interaction 
would occur. Fire-clay, however, being a comparatively negtral 
material, can be used with satisfactory re,suits for the ^ailks or pots, 
and for parts of the furnace with wRich the glass is likely to coiSe in 
contact; silica bricks must, for structural reasons, be employed 
for the crown of J:he furnace. Refractory materials differ vhry much 

* \V. (». ^(‘riisides, Trans. Sac. (Ha.s.s Trek. 1 (1917), 109; W. Itcsonlmin, 
Tmns. Hor. Glass UWIi. 1 (1917), 130. * 
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froiu one anrttht^i-'in thp way the/ are attacked by the glass. Some 
become evdjily weVn a way others are'fcttaoked l(Jea% and become 
pitted ; as in the corrosion of nietals, it is this last type of attack 
whi(^ is especially serious. ' ' ,, 

• T^t mixture must be thoroughly meHed, a process .occupying 
10^12 houre. If sullicient time is not allowed, the pieces of un¬ 
melted material remain as “batch stones’’jti'fcho linished glass; 
“ sWies ” may, ho,\V-ever, be produced in other ways,,for instance, 
through fragments of the pot or tank lining becoming loosened-ij 
erosion,'or through the falling in of pieces of the brickwork coverinj 
the furnacir^ 

The first portibn of the melting usually involves frothiijg due t( 
evolutio'ii of carbon di(,ixide or sulphur dio.xide. After this lue 
subsided the glass is usually stirred with fire-clay stirrers so as fo 
obtain absolute uniformity. Samples are taken out at intervals 
and examined for clarity and workable jiropertics. Considerable 
difliculty is often e.xperioncod ow-mg to the retention of bubbles 
in the gla.ss, and it is generally necessary to raise the temperatui'c 
during tlu^ fatter stages of the process, 'in order to render tfie glass 
more fluid and thus ‘hasten th(! rising of bubbles. Where the 
bubbles existing in the mixture are small, they ri.se, jiarticularly, 
slowly, and various diwices are used to free the glijss from small 
bubbles. One method, mentioned by llosenhain, consists ifi intro¬ 
ducing a potato, by means of an iron fork, into the glass, fl'he rijoid 
upward rush of large, bubbles from the potato carries to the surface 
the small bubbles previously exi.sting in the glass. When the batch 
is absolutely clear and uniform in eomi>osition, the glasses ready for 
use. • * 

It lies outside the pi’ovince of thk book to describe the means by 
which the glass comes to asaime the yarioiis shapes with which 
we arf fjiniliar. ^ It may, however, be lueiitiofr'd that bottles are 
' produced on an enormous scale by means of,a machine in which 
small pdltioiisVf hot glass are blown by air pressure into the interior 
of a mould «f appropriate shape. Wide-mouftied botttes, and f'so 
^lass tumtlers, are made in a ratlfcr different ^nachine, the glass 
being pressed into the njould by meaps of a plifliger, altliough here 
also the shaping is/;ompletcd by air pressure. ‘ ,• 

Window glass is obtained by blowings a huge pear-shaped 
bubble of gl&ss, tone end of w^ch is cut off, the mouths being 
p. widened until it a.ssumes the form of a cy]i»dcr open at both ends ; 
thetiylimjer is slit*lengthwise with tongs, and flattened out by rolling 
on a hot^fire-clay slab. *0n the other hand, plate^gla^tused for 

C 

* J. Bowen, J. Ame^. Ceram. Soc. 1 (1918), /)94. 
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large winaows, mirrors and ^ass shelves, is mad^Sy podrmg g^ass 
on to a flat* t|bl9*and rpl^ir^ flat i ’ al'tfjr anneaqjig, it^* is ground 
to the required thickness and poiished. Continuous methods of 
producing glass in sheets are eoming into use.*^ In one American 
process, a continuous sheet of glass is drawn from a pool of nji^tcn , 
glass in a compartment c^ the melting-furnace, and i:|jissing ijj a 
plastic condition Uver a roller, is carried forward horizontaffy 
through thti annealing “ lehr ” ; Mie rate of ^tr^ivel is about 2 t8 6 
fcj^per minute, according to the thickness of th8 idqjet which is 
being made. * • 

Annealing. Whatever shape the glass may Have been forced 
to assume, it will always—if cooled quickly be in a state of internal 
striws. The glass will generally be in a state of eonqu'cssiofl on the 
surface, which must have cooked and stiffeni'd whilst, tlu^ interior 
was still hot and soft, aiiif in tension in the inner portions. Tlu'si^ 
stresses ha^'c been shown to exist in quickly cooled glass by ai^ 
optical inethod.2 The internal stress by ^t^j^lf may be insufficient 
to produce an effect on the material, but the smallest blow may 
cause a,slight additional stft'ss which will bring uji the* total stress 
above the “ maximum strength ” of the gf!is.s, and fracture wffil 
yceur. Thus the gla.ss in this state is brittle. It is necessary, 
therefore, to iameal gla.ss for some hours, that is to heat it a little 
below softening temperaturi^ for some considerable time,* and 
theij allow it to,cool slowly. At the annealing tfunperature, the 
molecules possess sullicieut translatory nurtion to prevent the 
'retention of^igternal stresses, and the glass ♦ibtained after the slow 
cooling is fK-e from undue fragility. 

Quickly coolerl gla.ss, howev er, alThough in a Slate of .strain, is 
often cxtrenmly l^ard. By ]ires.AMg glass whilst in the pla.stic state 
between metal plates, the surface of *110 slabs pisjduced becomes so 
hard that it can sfareely be scratehed will) a ^diamon*!. »'I'his 
variety of gla.ss.i.s us*‘d i« the prejvaralioTi of " cellar-lights." 'I'he 
cause of the special hardliess of pre.s.sed ^lass i’equiics*further 
inv^tigatioft. 

Composition ol^Different Glasses.-’ 'lilie proportion of the 
different iqgredient.s is cho.sci^aceording to the purpose for which 
• • • 

^ E. W. Tillotson, J. Chem. JjuL 40 (1921), 155t. Compare W. S. 
'riirner, J. Soc. Chem. Ind. 39 (1920), 431r. * • * 

^ Seo also R. L. Frink, Eighth Int. Coi9g. App. Chem. (f91^), Vol. V, 91. 

* The percentage compositions given are only approximate, and arc set 
forth simply to show the sort of pifiportions in which The different oxides 
occur. Much infe^mation regarding fho comptsitiou of glass is given by 
A. B. Sear)^ in Sect. 73 of G. ^fa^tm'8 ” Industrial Chemistqyi’ (Crosby 
Lockwood). But the theoretical views expressed iy, thlit work, founded on 
Asch’s theory, must be accepted with caution. 
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the glass is feqili^id. -Windov^^^lass j)ften has 3^ final composition; 
apprdkimatina tc the foilwing ^— * • ' ' f 


•L 


apprdkimating tc the follwing 

SiO, 73%, Na^O 13%, CaO LP/oMUOa 2%. 

Boh*'laian glass, which is used for hbllow r/are, containsrpotassium 
aij'lhe main alkali-metal, and may haveU-he composition, 

, * 

eiOj 72%, Nap 3%;,, Kp 13%. CaO 11%, Alp^ FijO, 1%. 


Some autho'-i'fies consider that equally good glass could be ntSRle , 
with sodium as fhc only alkali-metal, the employment of potassium 
being—according to this view-- merely a matter of custom. 
Common bottle glass often contains much iron on amount of 
the cheap materials-used, and also matiganese as a tlecolorizcr ; for 
instance, ^ 


SiO, 04%, Nap 10%, CaO 14%, MgO 4%, 

’ ■ _ ^ Alpp%.Fep,3%,Mnb3%. 

For chemical ap])aratus, glass is often napiired which is especially 
resistant to reagents. In general, glass cspeeially rich i,i silica 
will he resistant to acids, whilst that rich in alumina will he re¬ 
sistant to alkalis. 1 * ' 

In.^other cases, one may require a glass of e.speeially‘'low scj'tening- 
point (e.g. for soft glass tubing) ; hero the mixtui'c, 

SiOo 00%, Nap 13';;,, KP 7%, CaO 7%, Aip^ 4%, 

which is rather rich in’alkali-metals, is suitabh?. Enccssof alkali- 
metals, however, is disad\’an,*ageous in one I'espect, because it 
retiders the glass hygroscopic, and comparatively soluble. 

In very general demand is a glass of high softening-point and 
very low coefficient of expansion ; such u glass ^should resist sudden 
changcs'of temptrature without crackingl 'Fhe jn'csence of borates 
in g)as 4 „helps„ to bring this about; and zinc is'also added to 
glass for the same purpose. Thus Jena lahopatory glass contjjjns 
approximately 

SiO^ 65%, BaO 1?%, Aip, 4%, Bp, 15%, Asp;3%, 
and Jena thermometer glass 

SiO, 6!%, %.p 14%, Aip, -(- FeP, 3%, 

Zn0 7%,,^rg0 7%,BP3 2%. 

Somewhat similar propprties are naturally required for lamp 

' See also nwults o‘f tests ]>y J. I). Caiiwooil and VV. JO. .S. 'I’lirncr, ./. Soc. 
Glass Tech. 2 (1918), 2^19. 
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chimneys, and the glass fron| Vhicji these arts maA oSteft ^ontain8 
heron trio Jde, 

SiO, 66%, Na.O 6%, 24%, Sb.O^ 4%. 

The iftanufaoturer of optica'^ instruments desires to have a^ his 
disposal ghsses corresponding to any,rcfractivo index which helnay 
hap])on to require.^ The In^ivy elements which are iTicorporatecf in 
glass with view to iVising the ri'fraotive, index are lead, bariufn, 
and sometimfcs thallium ; zinc also raises ‘tlTi! refractive index, 
hni.’to a less extent. Owing to the irnportaiwc of obtaining just 
t,ae right rjualitics in the glas.s, and of semiring jnaximura trans¬ 
parency and absence of colour, only th(' very purest materials 
should b» used for optical glas.scs, and it is naturally manu{{ictured 
more carefully and in smaller quantitii.s than bthcr glas.ses. It is 
usually made in small covered pots, and must be heated until 
absolutely uniform and free from “ seeds.” Before the war, tK) 
per cent, of the optical glass required in this country was imported,* 
largely from filerniany. When the supplj»wfts cut off, efforts were 
made by British inanufilcturers to meet the demand, apd in 1918, 
Df) jier cent, of the British consumption was sjipjilied by glass made 
in the United Kingdom.^ 

» Since the fefraotive inde.x also determines the amount of light 
roflcetesi at the surface of a glass, it follows tfiat the presentee of 
the elements just mentioned also confers ” brilliance ” upon a 
glaf* ; both lead'fyid barium are accordingly added to the batch 
in manofacturing table glass. “ Flint Glass,” which is largely 
used for hollow ware,” sometimes contains' 

Si0.i 53%, CaO 14%, BbO 33%. 

A great deal of flint-glass plate if? also produced. Many recipes for 
flint-glass include potassium. • 

Colour of Glass. A ^ery imiiortant luatter fs the qTn®tion 
of the coloratioi'i of ^lasf?.. If the materials of the l*atch iontain 
iroii^n the ferrous state, the glass jirodiiced will contain ferrous 
compouiKls, which ^vill confer opi it a deej) green coloui'.' In con¬ 
sequence it»is custo^iary to ad^ manganese dioxide and jiotassium 
nitrate to tjio charge ; the iro»f is then oxidized to the ferric state, 
which produces only a pale greenish colour in th? gla.ss. The addi¬ 
tion of the manganese in the absence of iron would givc.tlnf glass 
an amethyst tone roughly complementary to the grejn due to 4he 
ferric iron ; consequently the presence of the coiicect quantity of 
manganese masks the colour duo to the feyic iron, by caueing the 
absorption^)! light to be noft-selectivc. The masking, is more 
‘ J. Chem. Soc. Ind. 37 (1918), SaSB. 
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exact u d- littletc()balt is abo ad^edA* ^ But although a glass contain¬ 
ing ferric iron ar,'a also mi^ngaiiyc ana, cobalt may apnear colourless, 
it clearly lets through less Ugb • than a similar glass free from all 
three elements, and therefore for, the mest transjjarent glasses 
ironj^ree materials should bo useil. 

Jnstead of manganese dioxide, arsenipu's oxide can b% used as a 
decolorizer; it is usually supposed to act as • an oSidizer, being 
itielf reduced to metallic arsenic, which sublimes away in the 
furnace. '^Ips explanation is, however, not universally accepted.^ 
Perhaps it acts rather as an oxygen-carrier than an oxidizing a^hl. 

Selenium compounds have also found application as decolorizers, 
since selenium tends to produce a pink which serves to mask tin! 
objectionable green colour referred to above. 

Where a coloured glass is de.sire(l, colouring substances are 
added in small (piantities. 'I'lie colours produced are in many 
cases the same as those pi'odiiced in a borax bcsid. (Ireen is, as 
stated above, caused by tbe ])re.sence of iron ; rather different 
shades are obtained by adding ebromium or (tupric salts to the glass. 
In the presence of a reducing agent, on the other hand, copper gives 
to the glass a ruby colour ; and a similar tint, rather mole bluish 
in appearance, is obtained by the addition of liiu'ly divided gokl 
(such as Purple of Ca.ssius) to glas.s. Yellow glass is obtained by 
adding red lead or lead antimoniate or a uraniuih salt ,*o glass. 
Under certain circumstances manganese produces a yellow. 'The 
brownish colour of the glass often us(!d for beer bottles is connected 
with the presence of sulphur in the, glass ; it may be due to sodium 
polysulphide.’ This particular gla.ss is imj)ervious iVi aatinic rays, 
which would cause a d(dei'io:«tion of the beer ; a similar glass is 
used for bottles intended for chemicals, such as silver salts, which 
are .sensitive to hght. '* 

The presence of cobalt im])arts a blue colom’, whilst the addition 
of niangaiK'st! dioxidf! wdb jjolassium nitrate (lauses a violet tint 
due tc mang.inic (!ompounds ; the tint is'often seen in old window- 
glass, containing mat.'ganese, which, although originally coloin^less, 
has throtlgh long exposure to light ac(piired a \dolet (iolour. Ultra¬ 
violet light is particfllarly potent in bringing about the coloration ; 
it can be j)Toduced qjiitc quickly ijy means of a nurcury vaqxmr 
lamp. 

It is noteworthy that in sojne cases the desired colour is not 

prbduced i^ the glass is cooled quickly. In the case of tlm ruby 

«- 

' S. R. Scholes, J. iSoc. Chem. ImJ. 35 (1910), 518. 

2 See F. Oolsthurp, Timi.s. .Uner. Ceravn. Sor. 15 (1913). 585,^ who says tliat 
ursunious oxklu, iii*thu batuh, jthivs tho part of a rotluuing ao;uht. 

=■ P. Kurioroli, KoJl Y.ntsch. !6'{19I5), 53. 



SODIUM 


67 


glass made with gold, the o(jiour w^only prpducfW* affer the glass 
has been main .ained at an*el»vatedltemp/rature for a certain time_; 
expoBure to heat for too long a period, however, spoils the colour, 
rendering it violet or Svei?, blue. Here it is certain that we have 
to deal wiyi a colloidal sjfjlutiort of gold in glass, the gold paifticles 
being visible under the ultra-raicro.scRpe.^ The colour i»f the riA^ 
glass is just the salae iis the colour of the ruby colloidal solutiqjis 
of gold in wafer, and the change from red *t<» .violet and blue is 
analogous to the change which occurs in th(! cofloWfel solutions 
upon the addition of sodium chloride. Possibly tin; gold in the glass 
wlien first made is in the combined condition ; hence the glass is 
colourles^ On heating, reduction to the metallic s'late occuns, the 
ruby tint being due to the colloidal jiarticlcs of {^Id ; but cofitinued 
heating cau.ses them to join together to form particles of larger 
size, and a blue tint Is tlih result. (io))p<‘r in the presence of re¬ 
ducing agfMits also produces a fine ruby (sjlour ; here also the , 
metallic particles causing the coloration can.be made to grow by 
continued heating. '1 .'Im‘, glas.s consiapiently becomes bluish, but 
if the ])rocess is continued Xmg enough the copper pai’ticles may 
become Tlakes of visibh^ size, causing a '' shinhnering ” appearance 
in the glass, \^hich is then known as " aventurine.” Selenium also 
gives a red tint to glass, but here again the colour varies with the 
eonditiofls of preparation. 

It^scems likely ^that the coloration produced in glass by silver, 
platinu.n. iridium, selenium, tellurium, sulphur, carbon, and by 
lead antiniomate like that produced by gold and copper—is due 
to the presence of particles of colloidal size.- But the colours 
jiroduced by the presence of chronuum, mangant'se, cobalt and 
(in most cases) iron are of a different character, the glasses being 
“ optically empty ” (i.e. honiogenciws). The colours in these 
cases may be regarihfl as'dye to coloured silicates o| the metals in 
(piestion, and it fs mdew^rthy that the Colour frequently agrees 
with that shown in a concenfl-ated aqueous solution by^he orflinary 
salts *f the iwtab in a corresjionding state of oxidation. 

When a colourlest# glass contatns colourle.s.s^ jiarticles of micro¬ 
scopic or ultfa-miorottcopic size^having a dilferent refractive index 
to that of tji(^ glassy gi'ound-niass, a non-transparewt but translucent 
material is produced. " Milk glass,” required for lamp sh^doB, 
thermometer scales and similar purposes, can be ni^‘de«by addiyg 
fine bone ash (calcium phasphate) to*glass. “ Alabaster glass ” 
is rather similar, but contains it smaller quantify of opacifier, 

• • 

^ H. Siedet^ftpt and R. Zsigmondy, Ann. Phyn. 10 (ItjOit), 1 ; tft C. M. 
Oarnett, PhU. Tmiin. 205 |A] (190,')), 237. 

" W. J). Bancroft, J. Phy.i. Chem. 23 (1919),«03. 
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.Bei^uhi sulphatef('8 also occasionally ij sed as an bpacifier. In many 
cases' the ^jlass produced^ is ctf ir at Siigl? temperatfarSs, since the 
substance is soluble in the hot)mixture. It becomes cloudy when 
coo’ed, owing to the separation of the opucififer in minute crystallites. 
In ^'neral, a species of milk glass'will i^lways be produced if the 
(;'rjipositic:n of the glass is so iegulated that a partial devitrification 
c^n take place on slow cooling; the minute cVystalljtes formed in 
the glass act as t,h''' I’ght-scatte'fitig particles. ‘ 

“ Opal §Iass ”, is usually produced by adding cryolite (sodium 
aluminium fluoride) to the batch mixture. Here again the glass' 
produced is clear at high temperatures, but “ strikes opal ” when 
it is cooled. 1 The light-scattering particles are oftei,' assumed 
to be simply crystals of cryolite which have separated out on 
cooling, but there seems to be no certain information on this point.* 

An “ Enamel ” is a glass made opaque with a suitable opacifier 
• such as cryolite, tin oxide (SnOj), antimony oxide (SbOj), or 
titanium oxide (TiO.J., When hot, it must possess a consistency 
suitable fejr coating iron saucepans, plater, and the like ; and when 
cold, it must harden to a durable inaterial, which will,, serve to 
protect the iron from rust. The mixture used nearly always 
contains borax, which seems to increase the fusibility. 

Soluble Glass.* Ojily the silicates of the alkali igptals are 
appreciably soluble. Silicates such as NajSiOj are known as 
definite crystals of constant composition which dissolve in 'water 
without trouble. Commercial “ water glass,” however, contains 
much more silica than would correspond to such a«fdrmula, and is 
not a definite cljemical compound. Owing to the high'silica content 
it can only be brought into solution by rather drastic treatment. 
It is made by heating sand with sodium carbonate, or with a mixture 
of sodium sulphate and coaf, in a tank fuTna(je. The fused mixture 
is allowed to drop into cold water, aft’er which it can b(( powdered 
■with*sasc. .It is brought into soluticn* by'treatment with super¬ 
heated steam under i5 atmosphere.s pressure,.; the .solution ca^ then 
be concfcntrated by evaporation,,,becoming s^lT and treacly. It is 
usually coloured blown or dark gr6y by tjje iron pre.sent. The 
solution is u.scd for impregnating‘svood, which it thereby renders 
junof against fire or decay, and for covering stone, which is made 
watertight. -Presumably the silicate is rapidly converted to 
iftsoluble siUed in the pores af the material by atmospherie carbon 
dioxide. Various compositions, pf waller glass and asbestos are 

‘ Sir H. Jackson, J. Hoy. Soc. Arts. 68 (1920), 134, 

* Crtrtpare the„view8 of J. G. SmuU, J. Soc. Chem. Ind. 3^(1916), 402. 

* R. M. Caven, J. Soc. Chem. Ind. 37 (1918), 63t ; O. Maetz, Chem. Zeit. 
42 (1918), 509, 582; W. Pukall, Ber. 49 (1916), 397. 

• - • . * 



SODIUM 


employed it> building. Sodiuju silujate is alse u.sefl. as a' filer in, the 
manufacture of soap. 

It is noteworthy th^t u mo maue in tne lank lurnace 

is powdared and heated rwth'a small quantity of water for four 
hours at 7©° to 100° C., "the particle^ of the powder unite to'ibrm 
a tough vitreous ^nass, wnich dis.solves comparatively*rcadily*in 
water witljout tho tl’eatnient qjith superheated steam. This 
heliaviour, which, besides its technological ilnf)»rt>nco, is of con¬ 
siderable theoretical intere.st, deserves further investigation. 
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POTASSIUM 

Atomiu weight 3!)T0 


The Metal 

The general reseinblanee between j)otassiiim and sodium is very ' 
mucli closer thiin the resemblance between sodium and lithium. 
Nevertheless, the changes observed on passing from lithium to 
sodium'occur again, for the most part, on passing from sodium to 
potassium. Potassium is more fusible, more volatih; and more 
reactive than .sodium. The raeltiTig-p'oint is ()2-5° C., and the 
boiling-point 758° C., the vapour having a distinct gfcen colour. 
But whilst sodium is heavier than lithium, j)otassium is lighter than 
sodium, the specific gravity of potassium being O-Bfi. 

The bright silvery lustre of the ncv.ly-cut surface of potassium 
is quickly lost on e.xposure to damp air ; the metal is always kept 
immersed in oil. Potassium decompose.s water with sjfich evolution 
of heat that the metal melts and the hydrogen prqduced becomes 
ignited ; in popular language, potassium “ catches fird" ” when 
thrown on to the surface of water. The metal burns in ord^ary 
air with a violet flame ; the same colour may be shown by intro¬ 
ducing a potassium compound into a colourless gas-flame. 

Laboratory Preparation^^ The metal can be obtained by 
electrolysis of {used potassium hydroxide, the operation being 
carried out in the same way as the prejiaration of sodium. A 
thermal method of producing potassium consists in heating potas- 
siunn I.ydrogeq, tartrate first gently auid then strongly. During 
the, gentle heating, the tartrate decoraga.es, leaving a porous ma.ss 
of intimately mixed,, potassium carbonate, and carbon. If this 
mixture irheated at a high temperature in a closed irbn bottlTu the 
' mouth of which is cpnnected to an ir.on condenser haying a largo 
cooling surface, the endothermic j^jjaotion ‘ 

K 2 CO 3 -f 20 2K + 300 

ocwrs ; "the,potassium vapouf distils out, and may be condensed 
and collected upder rock oil. Potassium prepared in this way 
often contains a small amount of a compound of potassium and 
carbon njonoxide, having the composition indicated b^the formula 
0 , 0 ,K,; this edmppund, which is structurally related to benzene, 
is extremely explosive. P-otassium obtained thermally is therefore 
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more dangerous to handle thf)n the .'JeotrolyUc prfTduct ;«the fppjuer 
usually explodes, instead r>f*burnr,/.g qir/tly, wheh introduced into 
wat'^r. 

Cotnpoivids 

Potassiinn hydroxide (mustic potash), KOH, is the siibstajice 
formed whcn.potassium reacts with water ; Jniit,it can bo obtained 
ID're conveniently from the carbonah; by the action of lime, in the 
■same way as caustic soda, which it closely resembles. It is? a hard, 
white .substance, readily deliquescent and capalde of absorbing 
moisture and carbon dioxide from the air. The compound is very 
soluble, the solution being strongly alkalina. When li?atcd, it 
mehs, and linally volatilizes without losing the combined water. 
The anhydride, potassium oxide, K.^O, can, hou'cver, be prepared 
by the action of potassium on the hydro.xide. ^ 

The salts are prepared by mcthorls ayay.)gous to those used in 
obtaining the sodium salts, and, like the latter, are, in most cases, 
colourless crystalline substMiccs. In several cases, hdwever, they 
are distinctly less soluble than the correspemSing salts of sodium. 

„ The chloBide (KCl), bromide (KBr) and iodide (Kl), like the 
corres^nding sodium comjiounds, crystallize in cubes ; a solution 
of the iodide, which is extremely soluble, has the power of dis¬ 
solving elementijl iodine, a red-brown liquid being obtained. By 
evaporating this liquid over sulphuric acid, dark crystals of a 
tri-iodide,’Jtlj, have been obtained. < 

The sulphate, K.,S 04 , crystallizes without combiiu'd water in 
rhombic crystals which might easily be. mistflken for crystals 
belonging to the hexagonal system. The bisulphate, KHSO,, 
loses water when fused, amj an anhyvlride, sometimes known as the 
pyrosulphate, KnTSaO,*, is left, 

■ SKhIsO., = H/) -f K.,.S2t),. 

Tin? last-nSmod salt dissolves in water with the cvohK*'i>n of much 
heat, the Jiisulphafe being regenerated. 

'I’lie sulphites, a^ KHSO3, a'c prepared just as the 

correspoBding sodium sulphites. An anh^lricle of the second salt 
is known in the solid st^te, and is called potassium metabisulpltite, 
KjSjO,. It is formed when sulphur dioxide is p.ass»d into ^ hot 
saturated solution of potassium carbonate, whilst the ordinary 
bisulphite, KHSO3, is isolated by adding alcohol to ^a caustic 
potash soljitiotf saturated with sulphur fiioxide ; the alcohol de¬ 
creases t?e solubility of the salt and thus jiauSes its separation. 
All the sulphites tend to take up oxygen, when exposed to the air. 
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It i? ^beliered tfet p('tassiura„,Tneta]jisulpliite is less ^susceptible 
to atmospheric o'xidationA-and Is the^efl)Ie more suitable for use 
in the laboratory—than other sulphites. ^ * 

Pbtassium nitrate (nitre or sal(vetn), KNOj, is a colourless 
salt cVystallizing in beautiful ,'ong rhombic crystals. R is much 
more solubfe in hot water than in cold, arid melts,at 339“ C. Potas¬ 
sium nitrate is a .strong oxidizur, and a fragment ofrcarbon or 
sulphur brought uIm hontact with the fused salt is Oxidized with 
explo.sivp violence. .If nitre bo heated still more strongly, it evoIVes , 

• oxygen, the nitrite being produced. 

The nitrate of,potassium is more easy to crystallize, and thus to 
obtain pure, than that of sodium ; the same statement afpplies to 
potassium chlorate, which has a comparatively low solubility 
at low temperatures. For this reason,the pota.s.sium salts are 
preferred for u.se in the laboratory where a pure nitrate, or a purc^ 
•chlorate, is required. * 

The carbonates (RjOOa and KHCO3), phosphates and sul¬ 
phides (Kjg and KHS) are generally (jimilar to the corresponding 
sodium salts. In cac^i ca.se, the normal salt reacts alkaline, owing 
to hydrolysis, the acids in que.stion being very weak. Anhydrous 
pota.ssium carbonate is hygroscopic and very soluble in water', 
various hydrates are known. ' 

, Potassium cyanide, KCN, is a very soluble, easily fusible and 
extremely ])oisonous salt, solutions of which are strongly alkaline, 
and which have powerful reducing properties. It hasj the power . 
of forming complex salts with the cyanides of heavieh inCtals, and 
some of these complex cyanitles .arc of great importance. For 
instance, when pota.s.sium cyanide,is added to a solution of silver 
nitrate, a precipitate of silvi^r cyanide is first formed ; but the 
preeijritate dissolves in excess of pd^assium cyanide, forming 

• potassium silverVyanide (KCN.AgCN), wlpioh appears to ionize as a 
complc* salt,*K[Ag((JNl 2 ]. The most remarkable of the complex 
cyanides are those fortned with the cyanidet of iron,; thesararc 

known as < a 

• , • , 

Potassium ferrocyiMiido . 4KCl4if’e(CN)j or KjFe^CN), 

Potassium ferrlcyanidc . 3KCN.Fe(CN)3 or K 3 Fe(CN), 

They form well-developed cry.stals, yellow and brown-red respec¬ 
tively ; the solutions possess quite distinct properties from those 
of simple, iron sal^s, and by precipiMion with salts of heavy metals, 
insoluble ferrooyanides ‘and ferricyanides are obtaii^ed. These 
compoun(?s will be copsidered further in the section devoted to iron 
(Vol. III). 
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In the presence of ab, pofV8sium,cyamdek actti'as a' f^Ivent for 
metals like gold, Which arc findiss dved acids/ Thii property, 
which also appears to be connected* with the formation of complex 
salts, IjdB been discussed ill Chapter XIV (Vol. I). • 

It has been remarked that potassium cyanide is a powccful 
reducing agent; \^hen a mixture of dry potassium cyanide wilji 
the oxide o^ any metal standing op the “ noble ” side of nickel ^n 
ihc potential s»;ries is heated, the metal is rediwwlto^tho elementary 
stave ; the oxygen is abstracted by (he cyanide, whifch becomes 
converted to the cyanato. The reduction of fitharge to Ihetallic 
load when heated with potassium cyanide may be* represented, 

PbO + KCN .= Pb 4- KONOj 

Similarly some .sulphides*arc reduced to the metallic state by 
heating with potassium cyanide, which, in this case, passes into 
the thiocyanate (KCNS). 

Potassium cyanate, KCNO, has bedi •mentioned above, as 
being prepared by the oxidatjon of the cyanide ; it can conveniently 
be obtained from potassium ferrocyanide, by fusing it with an 
oxidizing agent such as potassium dichromate. The cyanato is 
dfssolved out* from the fused mass with alcohol. It forms very 
.soluble transparent crystals. 

Potassium thiocyanate, KCNS, is formed when the cyanide 
and Sulphur arc Heated together, and is also a soluble deliquescent 
^alt. il giv;cs a red coloration, due to ferric thiocyanate, when 
added to'a sSlution of a ferric salt. 

Certain salts of potassium containing heavy mefals in the anion, 
such as the dichromate, KjCrjO,, and permanganate, KMnOi, 
will be dc,scribcd in conimetjon with the heavy metals in question. 
Both of these salts Jfre more familiar to us than thp correspoiiding 
sodium compouiid.s, iiecatise they are less soluble and crystallize 
better. One salt of this class does, howevc^ deserve*specif men¬ 
tion,*becau^^ it is one of the least soluble potassium sompounds 
known. TJjis is tfie platinicflloride, 2Kfl.PtCl, or KjPtCl,. 
It is formed as a ^^ellow crj/talline precipitate when potassium 
chloride and platinic chloride are brought toj|ether in solution. 
The platinichloride apppars to bo a complex salt, ionizing in apcc»d- 
ance with the formula K 2 [PtCl«]. Although slightly soluble in 
water, it becomes practically insoluble if alcohol is added to the 
solution. In this respect potjfssium differs from sodium, the 
platinichlorjde of which is fairly soluble. 

Other sparingly soluble salts of potassium ^ro teferred fo below 
in the section on analysis. 
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Moat |)otassium compounds (confer a violet colour uporf the 
Bursen flame, but, if much sodium is,'present as an irnpijrity or 
< othfiwise, the colour is likely to be'inaskol. On examisation with 
a, opectrosi:opc, however, the' observation of a characteristic line 
(r^eally a pair of lines close togeOicr) situate.'! at the red end of the 
visible spectrum, jKdiof auotlier line at the violet end, give certain 
indication ish tfio presence of ])otassium. 

Although tlie commoner salts of the metal are soluble, there arc 
■several reagents''which yield jirecipitates with solutions containing 
])otassium. The most irapoi'tant is platinichloric acid*. HjEtCIc 
(the soS'oalled plii^-iniim chloride ”), which yields a yellow' crystal¬ 
line precipitate of potassium platiniehloride (K.l’tClo). Perchloric 
acid yields a white crystalline pi-ceipitale of the ])crchloralc (KCK.),), 
whilst silicofluoric acid gives a somewhat- g(!atinou.s, precipitates 
of silicofluoride A solution of sodium cobalti-nitrite 

in the presence of acetic acid produces a yellow crystalline pre¬ 
cipitate, K'.Na.|(,'o(Nt)d(i I- Finally, Vhen t.artaric acid is added 
to a solution of a potassium salt, a white crystalline precipitate of 
jiotassinm hydrogen tartrate comes down upon stiiTing; it .is 
noteworthy that dihydroxy-tartaric acid, which ]v'oduces a pre¬ 
cipitate with sodium salts, gives no such reaction with potassium. 

Methods of separating ])otassium from othei; metals, notably 
sodium, depending upon several of the reactions just mentioned, 
have been worked ovt. in every ease, however, j+he^solubility 
limit of the potassium salt thrown down is by no means so low' as 
would be (h^sirftble for (piantitative work ; the comparatively 
soluble charactei- of the precipitated salt is indeed, in mirny cases, 
suggested by the crystalliiu* appearaijce of the precipitate. The 
compiunest nujthod of separating j)oti'-ssium* from .sodium is by 
' means of hydro])latinic acid. In order* to ^ninimi'^e the loss of 
potassfurn orting to the apjrreciable .sofubihty of the precipitate, a 
concentra^d alcoholic solution of the salt-mixture in‘which fotas- 
, slum is to be estimated is cmployAl, and eonsitlerable exce.s.s of the 
precipitant is used. 'I’lie jrrecipit^te is washed with alcohol, in 
whioh it is considerably less soluble than in water. ItVs-n then he 
dried,at 100" C., and weighed as K.,PtClj. .Alternatively it can be 
dissolved* iij hbjling water, aird trci'ited with sodium formate, a 
rerfuoing agent which throws ‘down metg-llic platinum as a black 
precipitate. Th‘e platinum can bdfiltered off, washed and weighed ; 
from the weight of platfnum, the wpight of potassium equivalent to 
it is reS-clily calsulated. * 

In the methods pven at>ove, it is necessary- in order to attain 
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accuracy—^to obsesve rigidly llae corujitions of, worMng recommended 
by experienced abalysta’* j'or rough jtork, an^indii^ct method 
of dStermining potassium and sodium in a mixture of the chlorides 
can bc^Ased. A known weight of the mixed chlorides is dissolt^ed, 
and the cUorinc contenUdetermined by titration with silver nitrate. 
Since the chlorine, content of a mixture of .sodium and* potassi*(oi 
chlorides vjirie.s continuously with,the proportion of the two metals 
from 47-.57 per cent, (in the case of j)ure j*otivssium chloride) to 
60 65 per cent, (in the case of pure sodium chk)ride),‘*it is possible, 
from the result, to (calculate the amount of sotliuin and peftassium 
in the mixture. Unfortunately, a .small error in tfue determination 
of the ('klorine causes a relatively large ei'ror in the potassium 
content of the mixture, 

T [3K lUiS'l'EIA I - ( )CX UT |( RK N C !•; 

Like sodium, [jotassium is an important constituent of the. 
mixture of molten silicates which exist below the s\irfac(' of the 
i^artlr, and of which thb ij'tieoiis intrusive rocks pushed up from 
time teftime are men^ samples, fn these igjjeous rocks the potas¬ 
sium has ihsually .sei)arated out as crystals of such complex silicate.s 
iS, * ' 

Orthoclasi or |)otash-fels])ar . . KAlSiaOj 

Mnscovite or jmtash-rnica . . . H„KAl 3 (SiO,,)„ 

• 

Ortlu.'c'ase, it will be noticed, is analogous in composition to the 
sf)da-fel,spafdalbite) mentioned in the section on sodium. Ortho- 
clase felspar and micas containing |)ota.ssium ar(' essential con¬ 
stituents of gra-nitr^ ; in general, poTassium ocemft in igiu'ous rocks 
of the acidic (granitic) type rather than in Ihose of basic compo.si- 
tion. , • 

As in the ease (S' sodium, the action of water^and, m* lioubt, 
carbon dioxide, Jias.riuring past agi'S, been dissolving out potassium ' 
from exposed igneou.s rocks. Much of the potassium cfi.ssolved 
in #ater, passing tlirough the soil has, how(!ver, beep retained, 
being absorbed info the j)lantS growing tl^iwt'in. Plants require, 
potassium for theif existenc^ and for thiit reason less potas.sium 
i.s carried ‘lown by the rivers into the sea than would otherwi.se 
be the case. Moreover the seaweed, growing around thq C(^st, 
absorbs a further quantity of potassium salts. ,ln pdclition^ the 
=lay particles which arc plso carried down by the rivers into the sea 
adsorb a considerable quantity*of potassium ; it is probably this 
adsorption whi»h aids in causing'the claymartioles to settle on the 
• , 

• For details, see Sir W. Crookes’ " Select Methods in Chemical Analysis ” 
(LonEmans). 
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oce3,n bed., HoWvver this maj;,bc, po(;assiuin se^ns to fxe an essen¬ 
tial constitiont of clays ot. marine ori^ni Usually, when the clays 
become consolidated into shalco and slates, the silicates undergo 
changes, and minute flakes of mica, bontaining potasskiyi, are 
■ formed ; thus the potassium may return toithe state of combination 
in-which itt existed—to a large extent—in the igneous rocks. 

ft is probably the continuous removal of dissolved potassium by 
the clay particles fvhkh prevents any large accumulation of salts 
of the metabtA the sea ; actually ordinary sea-water contains only 
0-08 per cent, of potassium chloride, as opposed to 2-7 per cent, 
of sodium chloride. Even the Dead Sea contains only 1-3 per cent, 
of potassium salts. i 

It wduld evidently require very lengthy evaporation of such 
waters in order to bring the concentration of potas,sium salts up 
to the solubility limit, and it i.s not surprising to find that deposits 
,of soluble potassium salts are far less widely distributed«than those 
of sodium. The Chefjliifo salt-fields, for instance, contain litth* 
or no potassium, but, at Stas.sfurt, above the thick beds of “j'oek- 
salt,” layers of potassium .salts occur. ' Evidently these wwe only 
thrown down after tile concentration process of the Trias,sic salt- 
lake had reached a very advanced stage ; according to one e.5timat#, 
the deposition of the thick rock-salt proceeded foi 10,000 years 
before the formation of solid potassiutn compounds began. The 
lowest, and therefore first-formed, potassium bed.consists of riK’k- 
salt mixed with 

Polyhalite . ‘ . . K,S 04 .MgS() 4 . 2 CaS? 64 . 2 H 20 . 

Above this com«s a bed of tock-salt and kiescritc (magnesium 
sulphate) upon which rests the bed.wbich still forms the chief source 
of the world’s potash supply ^ thi.s bed consists of 
gayiallite .^ . . . KCIlIgCl.fitl^O 

mixfd with rock-salt, kiescritc and othe# substances. 

Various other potassium compounds oCcur at Stassfurt, but they 
seem to hfwc been formed through later changes caused by water 
»percolating through the beds ; no*doubt, the water dissolved out 
salts at some points, and then—pefll^aps during a succeeding dry 
period—they werewedAposited at others. Deposits produced by 
thc#e secondary changes include . 

•Sylvinite». ‘ . . •; . (Na,K)Cl, 

Kainite . • . . . . < . K?Cl,MgS 04 . 3 H 20 . 

Rather similar deposits to those.at Stassfurt occur ^in Alsace,^ 
and in ?pain. • , * 

* P. Kestner, J. Sac. Ghem. /«<{..37 (1918), 291t. 
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One other natwally^ occiyrfng potassiutfi cc)pi\)ound’ deserves 
mention ; '(hi* is/ 

•Alunite, or Alum-stone . . K(A10)3{S04)2.3H80. ' 

It oco^l!i in various volcan'lo districts, and is apparently a weatlier- 
ing-produ*t of lavas brought »about by water containing s’tlphur 
dioxide, the lattcf being “probably derived from the ^veathcAug 
of pyrites., Considerartjle deposits^ occur in the United States,,as 
well as in Italy and Hungary. For many ycars»it hj,s been regarded 
as a source of alum, but recently it has attained infpbrtance as a 
source of potassium. 


Technology and Uses 

Extraction fron Carnallite. Up to 1914, tlio Stassfurt deposits 
of carnallite represented *hc mo.st im])ortant source of the world’s 
sup])ly of potassium. The Alsatian deposits, although ])robably 
richer in potassium, were comj)aratively undeveloped at that time,' 
whilst the Spanish beds were not workt'd*at*all. 

The process of extractiwi practised at Stassfurt isi as follows. 
'I’he carnallite—w'hich is always found mixed with sodium chloride 
and magnesium sulphate— is gro\ind and extracted by boiling water 
containing magnesium chloride, derived from a previous operation, 
which "takes up the carnallite, but leaves the sodium chlorid* and 
mi^nesium suljrhate largely undissolved. The clear ffolution 
obtained passes'to crystallising tanks where it deposits potassium 
chloride on,cooling. So long as magnesium chloride is not in great 
excess, the'single salt, potassium chloriite, and not carnallite, 
will crystallize out. When nearfy three-quariers of the total 
dissolved potassium has been ojitained as chloride, the liquors are 
concentrated further in vacuum evaporators, and then, on cooling, 
contain a sullicicn% coneciftration of magne.sium to deposit “ arti¬ 
ficial carnallite” (KC^.MgCL.OHaO). The arWficial carTiallite. 
can, however, be (lccomj)osed by cold water, th(» mor(» soluble 
majinesiun^ chloridedieing dissolved out, whilst potassium chloride 
is left behind ; tlu^magncsium^ihloride solution produclal can then 
be used t(J extract»morc crudp carnallite. • 

The mother liquors from^’hich the “ ijrtificial carnallite ” has 
been deposited are not wasted. They contain Rromidcs of m^ne- 
sium or sodium, and fljrm an important source of fJie brsmihe com¬ 
pounds, which are required in photography, ih dyeing arftl in 
medicine. * 

Potassium cMoride is very largely usedtfti agriculture ; "all plants 
require potassium, and, unless it is added artificjally, th»*soil often 
becomes impoverished, and good crops are* not obtained. Com- 
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paratiT^ely crude, potassium materialj caii, of vourse, be used for 
puUi.ig on the ;.oil. Tt -s, however,' preferable that the fertilizer 
employed should not contain much magnesium, excess of which is 
harmful; the crude mineral Icainite, in spite of its maencsium- 
conient, is still used very largely as a fertilizer, but it is betWr to use 
potassiunp chloride, freed from magnesium by the process just 
cfescribed. 

1 

'In addition to einployment in agriculture, the purer forms of 
potassium chloiide are used in the preparation of otlier potassium 
eompoimds, such as the carbonate (which is required in the glass 
industry) and tin' nitrate (which is employed in the match industry). 

Emergency (sources of Potassium. Naturally wheq in 1914, 
the Cer.nan supplies of potassium were cut off, a somewhat serious 
position arose in non-Geriuan countries, which were forced to tall 
bacl< on their own resources of potassium. Fortunately, owing 
to tlie wide distribution of the element, it was possible- by different 
' jirocesses—to obtain a svdficient supjily for the period of the war ; 
and, although the soil of this country was, at the termination of 
hostilities, considerably '■ iiotash-starved,” the crops Ipad not 
suffered in the way that was at one time feared. 'I’he demands of 
the glass-industry had also been met, although the j;equiremenbs 
of potash for the glass-makers w'cre rendered more,urgent by the 
fact'that the tyjies of glass which contain potassium were, previous 
to the war, largely imported from Bohemia and Oermany. Activrlly 
many of the “ emergency ” proces.ses of obtaining potassium used 
during the war had been worked previously, to a sma^’'ex_tent, but 
attained sudden importance on the outbreak of hostilities.' 

^ V 

Vegetable Sources. Since all iilants absorb jiotassium, the 
carbonate is one of the main eoii'stitucnts of jilant ashes. Many 
centuries ago, the ashes of Wood represented the principal source 
of pi/inh. No\'' timber is in most placCk too valuable to be burnt 
for (.his purpo.se, although in America a gloat deal of potash is still 
made from wood ashefj,On the other hhnd, seaweed, being other¬ 
wise withwit. value, constitutes a much more hopefiH source of 
•potash. Some varieties contain more than others ; the^ash of the 
rock weed known as “ sea-lettuce ” \qmtains I.') jier cent, of potas¬ 
sium chloride. Tlie sCaweed-burning industry is a very old one 
on«l;ho.wcst coast of Scotland, although shortly before the war it 
wa^the iodine, rather than the potassium, of the ash (“ kelp ”) ^ 
which was of value. During the war, the industry was revived 
to a large extent, the k;dp being used as a source of potash. The 

' See C._^G. Cres.swen, J. Soc.. dheni. hid. 34 (lOl.'i), 357. 

' In America, ” kfcl|) ” means .scawecil ; in this country it means seaweed 
ash. ' 
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method employed^ is still of Jde and wasttSful ^ hn ^ajtpi^iciable 
amount of potash jfe volatilizf^l durii% thcsbutning^whilst a further 
quantity is apt afterwartfe to be washed hway by the rain. 

A kel^ industry sprwng pp ^uriilg the war on the Paeific coast 
of AnlSrica, both in British Gulumbia ‘ and in Califoniia.® I’lie 
amount of potash whicB eouAl be ..produced annually^ froiil the 
immense areas covered by seaweed is estimated as being iive times 
the whole aiitput of Germany.^ 

Before leaving the subject of tlio manulact’urv* qf, potassium 
from plant sources, it is necessary to refer to ihe fact that much 
potassium carbonate is ])repared in eoimtiie.s wlicje sugar-beet is 
grown by the binning of the beet refuse and of the residue from the 
molasses.* This is not really a source of [lotash, but only the, partial 
recovery of potash previously expended on the soil. It requires 
much more potash to growa. crop of licet than will ever be recovered 
from the residues of that crop. 

Animal Sources. Auotlier source of potassium is sIms'ji's wool. 
The natural grca.so of ^'0 shec]) contains numerous fatty acid.s 
(stearic, jialmitic, oleib, et».), together with a substance called 
“ suint w'hich consists principally of the sididilc jiotassiiim salts 
of the acids. ^ When the wool is washed, tlicse salts pass into solu¬ 
tion, and it is jjossible, by evaporating the water and calcining the 
rcsiduc,*to obtain potassium carbonate. 'The recovery from 'the 
gi'ciijy solution, however, introduces difficulties, and the jiroduct 
i.s liab;c to be of bad quality ; the jiroccss is not largely practised.'* 
* Alunitq Source.* The amount of potash obtained from 
vegetable and animal sourci's in t.lie^ early part of the war being 
quite unequal to the demand, efforts were nnuh^ to supjiloment 
it from mineral sources. Since s'njiplics of the freely soluble salts 
were not available, attentiog was turficd 1o alunite, the basic sul- 
)ihate of potas.siuni <fnd aluminium, lloth in Amegca and *l»i in 
Australia an industry s))r(lng iq) in which the alunite was roasjtcd 
about 7nO“G,, soluble jioWssium ,s>ilphatc*iyul insoluble afumina 
bcin{^irodu#ed ; the former was cxtracicd by leaching-.. 

Felspar as a Stjirce. 'The jiroblem of extracting jxitassium 
from the various rock-forminR silicates, ssch as jiotash-felspai', 
has also bwui cousidered. Various methods of decomposing felspar 
are known ; one consists in heating it with lime aud wa4erMn(fhr 


' J. Soc. Chem. Ind. 36 (1217), 710. 

^ J. W. Turrentine, Mft. Chem. 16 (1017), 100. 

” 'r. H. Norton, IKS. Comm. Hep., No. 137 (ItyfO), p. 1160. 

* K. M. Cliaiicc.V. Soe.Vhem. Indt 37 (1918), 222t. t^ompareE. V. Cham¬ 
bers, /„//. 40 (1921), I 02b. _ • 
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high ^retjsure.' ^PotaVisium hydroxfdf can afterwards be extracted 
fro®.-the Wss.y " t ‘ , ‘ f » o- 

■ Recovery from Blast-Furnace DustA Although it ia only 
profitable, under exceptional conditiocis, *to “ mine ” qpd crush 
fel^jjar or similar minerals as sources of potassium, yet it'fiappens 
tljat the ordinary charges intloducJ'd ipto the blast-fimnaco during 
the manufacture of cast-iron always eontaii) an'appreciable amount 
ot potassium silicatepninerals ab impurities in the coal "and the ore. 
It has for ««n‘b time been known that the dust carried off by the 
exit gases contain^ notable amounts of potassium. In the absence • 
of chlorine, th'is comes over largely as the volatile cyanide, and 
collects as potassium cyanide and potassium carbonate whieh are 
minor neonstituonts of the flue-dust. But, when potassium com¬ 
pounds became scarce during the war, an improvement was intro¬ 
duced in this country by adding small Amounts of sodium chloride 
to the blast-furnace charge ; it w’as found that the potassium 
then comes over almost entirely as chloride and the amount is 
notably increased. I'he quality of the cast-iron produced in the 
furnace dees not suffer. 

From the dust pitjduced, the soluble potassium chloride can be 
extracted by leaching, and converted, when required, into other 
potassium salts. The process was worked in Engla'nd during the 
waif with great success at a number of blast-furnaces, and enabled 
the glass-makers to obtain the materials which they required.’ 
Since the furnace gases are employed to drive the engines that 
provide the motive power for the iron-works, the removal of the 
dust from the gases is very beneficial to the engines. ' A similar 
process of potasfi-rccovery hah been put into operation at iron-works 
in America.^ 

One of the beat methods pf separating the lighter dust from the 
gas^i^^by the electrostatic process In this process, the dusty 
gases pass through a series of vertical tujies in the centre of each of 
wh'iclf hangJ) a vertic?! chain oarcfulfy insulated from the tube, 
and maintained at d very high negative potential ^often ^0,000 
volts). The dust j)articles be#Dme_ ncgaticely charged in the 
neighbourhood of the suspended chain, which i.s constantly giving 

* W. H. Ross, J: Ink. Eng. Chem. 9 (1917), 467. Anotlwr process is 
tltscribed by A. S. Cushman and G. W. Coggershill (abstract, J. Soc. Chem. 
Ind. 34 ('2915), 79). 

•' E. C. Rosriter and C. S. Ding^ey, J. Soc. Chem. Ind. 38 (1919), 376t; 
R. A. Berry and D. N. McArthur, J. Soc. Chenn. Ind. 37 (1918), It. 

* See J. Soc. Cfnem. Ind. 39 (1920)t 243 k. 

* J. Aoc. Chem. Ind. 35 (1917), 3C7. 

* W. Strong, Trans. Amcr. EleeProchem. Soc. 31 Xl91'il). 415; H. D. 
Braley, Trans. Amer. Electrochc7n. Soc. 35 (1919), 199; H. J.'Buah, J. Soc, 
Chem. Ind. 41 (1922), 21t. ^ 
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off electrons, and+he particl*s*<iro then violently, attracTtea'to the 
surface of tht"' pc^Iltivefy el%3trified* tub»; the f^iwder* collcW;ing 
agahjst the surface of thd ^ube finally falls into a hopper below. ■ 
Recovery from CAneiit-worlts Dust.^ It has also prc^ved 
possiblS? t(^ obtain potasijium cAnpounds from the dust carried by 
the gases emerging from a.cemcnt-l?iln, the dust being tcaughtj^y 
means of an electrostatic precipitation plant or in some otlusr 
Salts of pothssium can be recovcred*by leaching tins dust with water. 
The potassium may have come over as some volatik; salt (e.g. 
chloride) ; but since the ga.se.s from tho kihi'invariably contain 
oxides of sulphur, the potassium is actually found iff the dust partly 
as sulphitJ.e (K 1 , 804 ), <md partly as a double sulpliirte of pota.ssium 
and calcium ; the potassium ])resent as double suljiliatc! is likely 
to be left undissolvcd unless hot water is used for tho leaching. 
As in the ease of blast-fufliace dust, it is found that the addition 
of salt or JJuorspai' to the charge gi’catly im])roves the yield of 
potassium, which then volatilizes as chloride or lluiH'ide. Tho 
process has been developed largely in Aiucriea, although more 
recently it has been ifistallf^d at a cement-works in Rngland.^ 

It is generally considered that the blast-fuJnace process is more 
regiunerative in England, and the cement-kiln process in America. 
It I'.as been stjjted that if the dust could be collected from every 
blast-fufnace in this country and properly worked up, the tbtal 
British requirements of potash could be met frotn this source, alone.^ 
It is, ijowever, possible that both recovery processes may prove 
cinable to ct^ipete with the product of tliy carnallito deposits.^ 
Germany is recommencing to export potassium salts, and un¬ 
doubtedly the Alsace deposits, now In the hands»of France, will, 
in future, yield very large amounts of the fertilizer. In the Alsace 
deposits, the mineral is mainly syl^nitc, and, containing com¬ 
paratively little ma|ncsiliigt can be applied to the soil vjgl’ljout 
previous refining. 

Potassium Carbonate.’ Although thc»(jldorido fs a suitable 
salt l&t agricflltural purposes, it is—both on account of its volatility, 
and in othej respectS— unsuited fls a soui'ce cjf potassium in glass- 
making. It has, thdlefore, to ^ converted ty carbonate. Solvay’s 
process, e:ip611ent for making sodium carbohate» would not serve 
for making the potassiujn salt, on account of the hi^h solubility «f 

‘ W. H. Ross and A. K. Merz, J. Ini. Eng. Ohem. 9 (19'l7), 1035; E. 
Anderson and R. J. Nostell, J. Ind.*3ng. Cheyi. 9 (1917), *253 ; J. Treanor, 
Met. Ohem. Eng. 16 (1917), 701 ; C. Krarap, Met.^them. Eng. 25 (10£1), 316. 

“ J. Soc. 0hem.4nd. 39 (1920), 2J6ii. 

* K. M. ORanoe, J. Soc. Ohem. Ind. 37 (1918), 313b. 

‘ Compare P. G. H. Boswell, J. Soc. Ohem. Ind. iS (1919), 198b. 
m.o.—vol. ii. o 
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potassiunf bicaii mate. The “ rri'agnesia process ” depending 
on tJio insplubiTty of the double carb:)nate, 21CKC0j.M’gC0,.4H20 
is largely used in Gertnany. M'hen a eoid solution of potassium 
chloride is treated with niaguesium jcarbonato and carbon^dioxide, 
the .compound mentioned comes d(/wn as a crystalline pre«Jlpitate. 

If heated under pressure at 140° C., tJiis double salt loses the carbon 
dioxide, and yields soluble j)otassium carbonate, mixed with the 
nearly insoluble magnesium carbonate. The product-is leached, 
and lilter(d'> ±h6 insoluble magnesium carbonate being used again ; 
from the filtrate, pOtassiuiii earlmnate can be obf ained ))y (aystal- > 
lization. 

Besides its cmjjloyment in glass-making, potassium cai'bonate 
is the source of many otliiT ]iotassinm salts. 

Potassium hydroxide (caii.slic jxjia-ih) can be made by the 
eleetroly,sis of fhe cliloride solnti(jn, or by*'can.stieizing the carbonate 
with lime ; both pi-oeesses ai-e similar to those used in ])re 2 )a.i'ing 
caustic sodc. It was iit one time largely em[)loyed for making soft 
soap, the potassium salts of fatty acids being always softer than the 
corresponding sodium e(]mj)onnds. But the slioi’lage of ])otassium 
compounds has tende'H to confine the use of jrotassiiim soajis to very 
s])ccial purjioses. 

Other Potassium Salts. In all eases where a potassiuiu and a 
soditKo salt would ser\ e the same ])ur|K)se ecpially well, the sodium 
compound, being ehea[ier, will be used. In sevi'ral cases, however, 
the j)ota.ssium salt is less soluble than the corres^ionding sodium 
comjround, and can therefore be obtained purer ; nu .hover jiotas- 
sium salts often absorb moisture less readily, and tend to cake less, 
'file su]ieriority of tlie jjofassinm eomponnd is .seen best in the ease 
of the nitrate, elilorate, pereblorate, dichromate and peiananganate, 
all of wliieli are made and used on a la'ge seabv 

■ ' p 

Potassium -.litrate (siil/'pcirr. itilrr.) is obtained by inb'raetion 
of hotieoneenfrated solnfions of jiofassium cliloride and of sodium 
nitrate (Chili saltpetre). The double decomjajsition ^ ^ 

NaNO, + KCl =J'NaCl -f KKO, 

.. «i ' 

occurs. Sodium chloride is, at high temperatures, more insoluble 
than the other .salts present and separates out. The mother liquid 
is filtered hot,- and run into crystallizing tanks where jiotassium 
nitrate (whiicSi, although very-'soluble in hot water, is much less 
soluble in cold)‘-separate8 .on cooling. It is purified liy recrystal- 
lizationf '• 

Potas.-,ium nitrate is used largely at the glass-woips ; in the 
making of flint gla.ss'", it is added as an oxidizing agent to the hatch, 
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to prevent lead fror* becc^in^reduc^ to the metWlic sl^te. Thp 
salt is also usefftl in the curjnf of meat, td which if imparts a*red 
colour% It is employed in fireworks, and is a constituent of old-’ 
fashioncd»black gunpowSer. • 

% * f 

Potas^lujn chlorate aas a^ one time prepared by paseifig 
chlorine into warm caustic potash sofution 

CKOH + 3dl, -= KClOj'-t- 5KC1 -1; 

But, since this reaction reconverts five-sixths pf tiie potassium 
hydroxide into chloride, from vvhi(!h the hydroxide^jvas originally 
derived, the method has been altered, (.'hlorine is, accordingly, 
pa.ssed int*hot milk of lime, calcium chlorate being formed by the 
analogous reaction, • 

(iCafOH). -f (iCL = •Ca( 0103 ), -f oOaClj -f OH.,0. 

Since lime is»!X much cheaper alkali than caustic potash, the con¬ 
version of yiart of it to calcium chloride is n#t serious. 10 excess 
of lime is allowed to settle,-and the chiar liquid is run off into tanks, 
and mixe^l with the equivalent quantity of yotassium chloride. 
Double decomposition takes place, and potassium chlorate, which 
at I‘j*v temperatures is very much less soluble than the other salts 
presimt, crystallizes on cooling as a glittering ma.ss. It can ^e 
purifii^d by rccrystallization. ^ 

Milk of magnesia js often used in the place of milk of lime, because 
the solubility of potassium chlorate in the presence of magnesium 
(tRloride liapplk-s to be less than the solubility in the presence of 
calcium chloride. The process is coinJucted in a method similar 
to the. lime process, but it is usual to remove some of The magnesium 
ililoride from the liquid, by evaporation, before potassium chloride- 
is added.' It may, peu-hays, l)e of intkre.st to mention that the 
liquors from which 2 )otassiunf chlorate, and other hi,i^dy oxiiHz^d 
salts, are crystallized oh anfndustrial scale, have in ))ra(jtice a^-er.y 
pronounced ])ur 2 >lish-piink eWonr. This wih% attributed at one 
tiim^ tePthe jf-esence I)? a trace of permanganate or to tlu^ oxide 
Mn 304 , but it^is m dit to b? due, in nio*it ca.ses, to an iron 

comj)ound. * 

Electrolytic Production of Potassium ChlorSte. The chlor¬ 
ate may also be made by the electrolysis of jmtassium eiloVide* 
solution. Where the products of th® electrolysis afo^ktipt apart 
by means of a diairhragm, c(j,ystic potash anck chlorine are 
obtained, and this is, of course, .the mos/ important way of 
preparing caustic ^)otash. Where there is no diaphragm, tlw pro- 

^ C. L, Higgins, J. Soc. (Jhtm. 6 (1887), 248. 

• • 
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(Jucts realit farming potassium hypochlorite vand chloride, if the 
liq'uid is o.ool,” '< ' 

2KOH + Cla = KOCl + KCl + H^O. 

Bat, if the solution is warm, and especi/illy if it is slightly cfcjd before 
tbeielectrolysis begins, the hypochl'irite, even if first formefi, quickly 
•(Secompcfees, yielding the chlorate. Tlie reaction ^ may be written 
■^imply 

» '3KC10 ^^KCIO, + 2KC1. 

No doubt, a part of the hypochlorite first produced may be oxidized 
to chlorate electrolytically at the anode. It is advisable to allow 
the liquid full access to the anode, and to avoid the production 
of an^ protective film on that electrode. On the other* hand, con¬ 
tact with the cathode leads to destruction of hypochlorite and 
(chlorate alike, and it is therefore beneficial to add to the solution 
ii little chromate, which forms a protective film on the cathode— 
as was explained in the section on sodium hypochlorite. It has 
also been lojnd desipalie that the original chloride solution employed 
should bo made slightly acid before electrolysis starts. In this 
case, it remains acid in the neighbourhood of the anode throughout 
the process, and the stability of hypochlorite in presence of acid 
being small, its decomposition into chlorate and chloKde is favoured. 
Moreover unless the solution around the anode is a«id, muph current 
i.s vrj'sted upon the evolution of oxygen. This may be due in part 
to the discharge of hydro.xyl ions, but is maiidy to be attributed 
to the discharge of hypochlorite ion.s (OC'l)'. Both kinds of ions 
occur to a much greater extent in an alkaline sohilrff)!! Jihan in the 
presence of an acid, since l;,ypochlorous acid itself is a weak acid, 
only slightly ionized ; if therefore the bath is kept weakly acid, the 
loss of efficiency due to oxygcn-jwoduction is reduced to a mini- 
mum.'^ 

Sililorates rre made in Germany b/ electrolysis on a large scale. 
The^ chloride solution containing a Bttle* potassium bichromate 
(which serves not adly to produce a ‘film qn the cathode, but also 
to render the solution slightly acid) flows through aVell containing 
parallel electrodes before the war both electrodes userc frequently 
made of platinum-mdiurn gauze,Vind it is stated that even at the 
present time nd satisfactory substitute for platinum <is the anode 
*materip,l has) yet been found.’ The temperature employed is said 

‘ 1 Most writets represent the reaction, which occurs most readily in acid 
solutions, as an interaction between hypochlorous acid and hypochlorite 
ions, thus 2HOa = QO'} '-f- 2H' + 201'. 

* Compare the viewsVf F. Foerstor and E. Miiller, Zeitsch. Elehtrochem. 9 

(1903^,195. See also N. V. S. Knibbs and H. Palfreetnan* Trans. Faraday 
Soc. 16 (1920), 402.. *■ 

* K. Arndt, Electrotech, ^eitsch, 42 (1921), 345. 
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to be kept abpuf 40,' C. After^the treiitmeyt, the Ifduor passes ijjto 
crystallizing tanks ^hero potessium chloral is depoated (to cooling.. 
In practice, it is found njore economical of potassium to use sodium 
chlorida> Elution for the electrd^ysis, and then to decompose the 
strong sofution of sodium dilorat| produced with potassium chloaide. 

In an American process fphich has recently been worked out, 
it is proposed to use potassium chlonide derived from felspar as raw 
material; it is electrolysed in a cell fitted witlf rtirbcjn anodes, and 
magnesium cathodes, the liquid being kept acid,at the anode and 
alkaline at the cathode.' 

Potassium chlorate is used largely in the manufacture of matches. 
It has also«bcen employed as an oxidizing agent in organic chemistry, 
but for this purpose the cheaper sodium chlorate k equally effective. 
Owing to its Jiigh oxidizinj^ power, the chlorate is somewhat dan- 
gerou.s to handle on a largo scale, and should be kept out of contact 
with all organic matter. 

Potassium perchlorate is manufactui^d* by th^electrolytic 
oxidation of a .solution erf .^odrfim chlorate ; the sodium pprchlorato 
produccd*is afterwards decomposed with potassium chloride, when 
the almost insoluble potassium perchlorate, is thrown down. It is 
oftefi stated that a low temperature is required for the electrolysis, 
but this is apparently wTong. The current efficiency is very high 
(85-90 per cent.) even at 60° C. ; at that temperature the pre(!?hce 
of ncTd 'ippears to*he beneficial.^ 

. Potas,-iiim perchlorate finds employment in the explosive in¬ 
dustry. It i.s more stable than the chlorate,* but is noverthelc.ss, 
owing to the high oxygen content, r»thcr a dangerous substance 
to handle dry. It must bo kept away from all organic matter. 

» A. G. Betts, Met. Ghem. F^ng. 15 (191(i),»f>27. 

^ J. G. Williams, Trafte. Fan^iay Snc. 15 Part .*!, BU ; N. 

Kiiibb.s, Trans. Faraday Sac. 16 (l'920), 424 : F. W'intolor, Elektro 

ehe.ni. 5 (1898), .90, 247 ; 4' (1901), 095 ; W. Oo.sL'tili. Zelt.sch. F^f}cfrorl‘^m.*9 
(1903), 807 ; E. Blau and it. Wttngan), Zcitse/i. Fltl^rorhcm. 27 (1921), 1. 
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ku'bidium ' 

I* 

Atomic weight , 8546 '' 

The Metal 

The changea stwn on paasing from potassium to rubidium arc' 
for the most part the same as those observed in passing from sodium 
to potassium.. Kubidiura, w’hioh is lustrous like silver when fresh 
but quickly tarnishes in air, is heavier, more easily fusible and more 
volatile than potassium ; the melting-point is as low’ as 38° C. 

Rubidium is even more reactive than potassium, and like the 
latter takes fire when thrown on to water. The metal can bo 
prepared from the hydroxide by lieating sti'ongly witli carbon, or, 
if preferred, ivith aliflnfliium, when the v olatile rubidium distils off. 

' Compounds ' 

The hydroxide, RbOH, is a deliquescent solirble body,"the 
soiution of which is strongly alkaline. The solid is said po have a 
gr( jifh tinge. The oxide, RbjO, has ivot been prcjvared pure ; 
the mixture obtained when rnbidium is burnt in the air cofttains 
RbjO mixed with a higher oxide, possibly RbaO,,. 

Salts. The rnbidlutn salts closely resemble thostf of'potassium. 
The chloride, bromide aval iodide crystallize in cubes. The 
nitrate and sulphate are, however, considerably more soluble than 
those of potassium. The. platinichloridc is distinctly less soluble, 
than that of potassium, the insolubility of thoplatiniehlorides rising 
in*tfie gr()U))*nith the atomic weight. 

Analytical 

Rubidium confers a reddish-v'iolet colour *0n the Ihmsen flame ; 
the spectrum shows two pronoiimletl lines in the red, to which the 
element owes ite name—it was originally discovered by means of 
Ahe gpectro.scope. There are, however, other lines, including two 
ipiportant* qpas at the violet^end of the spectrum. 

Like potassium, rubidium ks precipitated by platinichloric, 
perchlpric, tartaric a^d feilicofluoric acids ; methods of estimating 
the metal by means of these reagents have bcen«-wor,lccd out. 

It also yields,an iasoluble stannichloride, Rb 2 [SnCljl or 
2RbCl.SnCl4, which is oktained as precipitate when a rubidium 



rubidium 

chloride soluUou i, trealjcd witli staiviio chiorido, A ro’nch incthod 
of separating rubidium frpn! i^tassium/depeuds^n this factA 

1'ERijjss'l’Rr4b Occurrence 

Rubidium aiKUho sucefediug elmnent, caesium, occhr only*in 
very small.quantitics hi the (.artb .aiid like lithium liave tendecUo 
accumulate ip. the acidic-or last-coTisolidatc,^-• peHious of igneous 
rocks; they are lound, in fact, in the same ijiincmlk'as <«ntain 
lithium. Ihiis some samples of lepidolitc (lithia-inica) liaVo been 
slu-vvn to contain as much as O-o per cent, of nibidiuiii and caisiuni 
Iho watfir of some ninicral springs „o doubt arisint^ from intrusions 
comparatively rich m rubidium and ca-siuny yield apflreciable 
quantities of the salts of each metal. Tim potassium salt deposits 
of Massfiirt also lamtaiii rubidium. There is little demand for 
eompoiind.. ot rubidium, but it is not dillieult to s,.paratc it from 
flH- oiothcr liquors of the Slasslurt sail vuiuslry a^.iie .sparingly 
soliiliJc riibidnim alum ■ (I! b,S()Al .(S(),),,.2 I U ,( )) * 

• • 

' W . teit iiiLil K. Kulii< i'si'hk.\, Chrm. Xri/.*1(, (l,S!12). 
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CiESii.m " 

Atomic weight 132-81 

The Metal 

The .gradual variation of properties with the atomic weight 
reaches a culmiaation in caesium. This is the most fusible metal 
of the group, the melting-point being 26° C.; it has the lowest 
boiling-point (670°), and the highest specific gravity (1*87). It 
is probably the most reactive metal known. C®sium catches fire 
when dropped on to water, and sometim«s takes fire spontaneously 
when exposed for some time to damp air. 

The metaj can be prepared in the same way as rubidium. 

' ‘v * 

Compounds 

I 

The hydroxide, CsOH, is very similar to that of rubidium. The 
normal oxide, CS 2 O, has been prepared by the actioYi of oxygen 
upoli excess of csesium. The excess of the metal can be rtmoved 
by vift'ae of its volatility through distillation in vacuo ; but if tho 
distillation be conducted at too high a temperrfturo part of the 
combined caesium vill pass away, and a peroxide will be left. The 
normal oxide, Cs.O, has an orange colour. * 

Salts. Caisiula salts resemble the rubidium salts. The chloride, 
which crystallizes in cubes, is, however, deliquescent, and more 
volatfie than rubidium chloride. The platinichloride is more 
insotible than that of any other metafpf'the group. 

' Analytical <, ^ , 

» Caesium is usually detected by lieanR of the Spectroscope ; there 
are several lines, the two most prorUjimced lin& being in the blue 
region (hence the name “ caesium,” derived from the L^tin word, 
Cs*eius., blue-grey). In tho absence of othtj?- metals, caesium salts 
confer a red.violet colour upon the flame. 

Caesium salts, like those of potassium j.nd rubidium, yield pre¬ 
cipitates with platinicl^lo^ic, perchloric, tartaric and silicofluoric 
acids. Like rubidium, it is precipitated, as a douilo salt, by tin 
chloridej and—by rqeans of this reaction—can be separated from 
potassium. -i 
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The sepai;atipn irom subidicai can be carried’Vjut by various 
rather laborious jlTocesses, depending on the slight ^ffererfees 
in thS solubility of the bitartratos or platinichlorides. Another 
method depends on the fact’that the addition of a solution of anti¬ 
mony chFoiade dissolved i» hydrtfchloric acid causes the precipitation 
of caesium as the (Rouble sak. ^Cls.CsCl, whilst rubidiuns remains 
in solution the precipitation, howpver, appears to be incomplete 

TiSREESTEIAL OCCURRENCE , 

As mentioned in the section on rubidium, cxsiufh occurs along 
with the former metal, in small amounts in various* minerals, such 
as lepidolite. A very rare silicate mineral, caUcd “ pollux*” con¬ 
tains a considerable quantity of caesium ; samples from Elba have 
been found to contain 34*per cent. Cae.sinm occurs in traces in 
some minor#.! waters. On the whole, it is less abundant than 
rubidium. It has found no practical application, and qo.nsequently 
there js no technology. 
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AMMOMUjtt 

b&'orejcaving Group Ia, if is necessary to I'efor to ftie striking 
connection between the salts of the alkali nittals and the salts 
Obtained when ammonia combines with acids. Whcn*an aqueous 
solution oS ^iB.nonia* acts upon an equivalent quantity of an acid, 
the sojution jirodiKod is found to contain crystalline salts, known • 
as amnionium The same bodies arc obtained when ammonia 

gas is allowed tp react with acidic oxides or hydrogen halides. Tims 
ammonia combines with hydrogen chloride to give ariimoniuin 
chloride, NH,,C1. 'Now it is found that many ammonium salts 
are not only similar in constitution to the salts of the alkali metals, 
but are actually isomorphous wilh them. Thus ammonium sulphate 
(NH.,)oS(),|, is isomorphous with polassium sulph’ile, K.^SO,,. 
In all amnio'4'um .salfs ftie radich' (NH.i) lakes the place of a. metal. 

It is tlvuight that the hydroxide,. Nff.,'Ilf, e.xists in a'quo.ous 
solutions of ammoTjia, 

NH;,+ 11.,0 -NUiGH. 

Thii alkalinity of solutions of ammonia is eommtmiy altributed 
to # 1 ^, ionization of this compound, into (NH,,)' and (Off)' ions. 
But evidently the dissociation is far from eomph'te, for amnlonia 
is a much weaker alkali than potash or soda, and the sf)lutions 
contain a smaller ctincentration of h 3 alroxyl ions''than caustic 
alkali-s of equivalent strength. I’lic limiteil hydroxyl concen¬ 
tration in a solution of ammonia rendcr.s it a very valuable reagent; 
metals which Lave very insoluble hj'di-oxide.s arc precipitated by 
ammonia, whilst those hav'ing slighfly .morg soluble hydroxides 
reift'm in solgition. * 

Aiijmoniqra salts decompose ints) amnVuiia'and'the acid or oxide 
when heated. iSomcg'for instance ammoniqtp chloride, a])ncar t-o 
sublime unchanged ; really, ho\j-evcr, the va])our obtained when 
ammonium chlorido is volatilized 'consists^ not o£ unchanged 
ammonium chloride, .but f>f amnaVia and hydrogen ^chloride. If 
the vapour be ctAiled*again, these constituents rcoomlmic to form 
Sblid’aqjmonivm chloride, • 

* NH 4 CI NH, -I- HCl NH 4 CI 

• Solid , Vap»»r * Solid 

But, if the vapour i^ passed <hr 9 ugh a tube o^ porous material 
which "S?! more pervious to ammonia than to hydrogert'chloride, a 
partial separation of the two constituents is brought about. 
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Most of the^amponinQi salts are $it ordinary t«>mperaturcs wljite 
crystalline.eolubl(f substaqcdfe, like the salts of s^iun^ and p'otas- 
siunJ* The chloride ^NHiCl) occurs in fibrous crystalline masses 
or in Srboresccnt crystal'grcrwths, the sulphate [(NHjljSOj*] in 
rhomb® crystals iaomarphoul with the anhydrous sulph^tw of 
the alkali metals,. The nitrate i.^ of special interest* since,*on 
heating, it decomposes into nitroi]^ oxide and water thus 

(NH,)NO„ = NjO + 2HV1 

whilst the nitrite, upon being warmed in aoliit’ion, yields nitrogen 
(NH,)NO. N, + 211,,0. 

Ammonium sulphide (NH,)..S, and Ammonium hydrogen 
sulphide, NH,H.S, are formed in solution by saliirating ammonia 
solution with sulphurettefl hydrog(“u. The proportion of normal 
sulphide iifercases with the strength of the original ammonia. The 
solution is colourless wlien first produced,hyt usually grows yellow 
wlu'iv stored, owing t-e* (he formation of jiolysuljfiides. 

Ammonium Carbonates. When an .ammonia solution is 
saturated with carbon dioxide, the bicarbonate (NHj)HC(), is 
p?ofluced ;*'if an equal ((uantity of ammonia is then fidded to the 
solutiiBi, the*normal carbonate (Nlli).CO,, is obtained. .The 
same compound mixed with an anhydride, ammonium carjpifmate 
! 0 ,(NH 2 )*is formed when a mixture of ammonium sulphate 
and ( aicinm earl)onate are sublimerl ; ealeium sidphate is loft 
hehitid.” ’ 

Ammonia tends to eond.iine with tiie salts of nijny heavy metals, 
especially tho.se occurring in the centre of the Pei'iodic Table, form¬ 
ing complex salts in which t he group Nil,, forms ijid'-t of the complex 
cation. Many of J:heKf) cf*inplex salts, such as [Co (NHjleJClj; 

I^Oo .ll’t(NM,),l('L; and [Ou(NH’)/i,SO„ will be 

refory;ed to^in the sub.sequent volumes of (li^ book. 
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Benyllium 
Magnesium . 

Calcium 

Strontium 

Barium 

Radium 


IlA 

Atomic Weight. 
91 

. 24-32 

40-07 
87-63 

. - . 137-37 

. 220-0 
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The metals of'tho Grouj) 11a arc distinctly less reactive than those 
of Group I/i. The electrode potential 'of the elements, hQwevor, 
becomes more negativ^t as the atomic weight rises, and accordingly 
the higher members of the group resemble the alkali ipetals meet 
closely. Likewise, as the atomic weight rises, the be.sic nature of 
the ojides, as well as their solubility and affinity for water, becomes 
more pronounced; thus whilst magnesium hjjdroxido is only 
slightly soluble, and feebly alkaline, yielding salts which are hydro¬ 
lysed in aqueous solution, the hydroxide of barium fs fjir more 
soluble, and acts as a stroi\gly basic substance. Moreover, whilst 
magnesium oxido*can readily bo obtained by heating the carbonate 
or nitrate, it is ipuch more difficult to prepare barium oxide in the 


same way. Since the violensc of the reaction of water upon a 
met£|J wilepends upon the electrode potcrW:ial of the metal and also 
' upon the solubflity of the oxide or hydwjxidf, fosmed, it follows 
that thb higliSr membem of the group will decompose, water quite 
violently (barium in /act reacts almost as vmlently its sodfhm), 
.while the lower members, like majjncsiiim and'oeryllium, are only 
slowly and superficially^^ affected. it must’ne noticed that in 
every case the met^s evolve hydrogen from acids with gijiat readi- 
nq^. ^ the members of the group have vefy high heats of oxida- 
' tion; in'evqry 'qase, the metal burns readily in air. The metals 
stand too near Ihe negative end oi the potei\tial series to bo produced 
by the electrolysis of an aqueous Solution. 

It will' be seen that the higher apd more reactive ipembers of 
the groif^, calcium, strontium and barium, resemble the'first and 
least reactive member of Group Ia, namely lithium, not only as 

« « • QO * 
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regards the behaviour of tlfo*<?lenients, but’alsc^ih resj^ot of the 
solubility 15f t.helpalts.* On* the other Imud, thtvlower meihbers, 
ber^lium and magnesiuin* have certain J)ropcrticS in common with 
zinc, tl^ first metal of^jiwy) IIb ;*many of the salts of magne.^ium 
arc isoinorphous with J.hdse ft zinc. Beryllium and magnesium 
are also 3osoly related to ^lutiinium, which falls beside jnagftesjum 
in the Periodic Tabl^. 

The metals of the Group IIa are divalent in their typical cotn- 
pounds. Th5 salts are colourless. Sparingly solfible* compounds 
are much more common than in Group Ia. The solubility of the 
carbonate and phosphate is low ; the solubility ofdho hydroxide is, 
as already stated, somewhat low in the cas(^ of Uie first members 
of the group, but becomes greater as wo pass, through calgium and 
strontium, to barium and radium. On the otfief hand, the sulphates, 
which are fairly soluble In the case of beryllium and magnesium, 
become le.ss soluble in the case of calcium and strontium, whilst 
th<! sulphates of liarium and radium may ho regarded for many 
purposes as “ insoluble ” substances. 
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±iEltlLLJUJVl 

Atoinic weight 

The Metal 

Ecryllium (also lno«'ri as Glncinum) is a white tnetal, ratlier 
harder than the nietals of the last group, and also somewhat heavier, 
the speeitie gravjty being TTD.'l; Tievertheless it is lighter than any 
other metal pernianent in air, except magnesium. It Melts at 
<piite a high temi)e(a(ure (1,278° C.), the “heat of fusion ” being 
larger than that of any other metal.' it is malleable, ami beads 
of beryllium llatten easily, when struck with a liammer. 

, Beryllium evokes hydrogen from dilute liydroehloi'il, acid and 
from warm clHy'te sulplut.-ic acid. But beryllium cannot, be. said 
to dccompo.se water, presumably because it becomes covered' with 
a protective layer of^an in.soluble oxide or hydroxide, as s’Oon as 
any action has taken place. (Solutions of caustic soda or potash, 
reagents which dissolve beryllium oxide, attack the nfttal r(^adity 
witlucvolution of hydrogen. Beryllium is only superfi(*Sallv oi idized 
'when*k((ated in the air ; here again the oxide formed on the surface' 
protects the metal below from further attack. Powdered beryl¬ 
lium, however, takes fire on being heated, burning with a bright 
flame. 

Laboratory Preparation. 'The metal is ])repared by the elec¬ 
trolysis of a mixture of beryllium ami sodium fluorides, melted in a 
nickel crucible, which is usei]^ as a cathoch'. a carbon I'od bdng 
introduced as anode ; crystals of beryllium appear on the sides 
-of the crucible.* An alternative method (^f ju’C'paration is to heat 
berylliixn chleride with some more reactive metal such as s(Klium. 
Since beryllium chloridi*, is volatile it is necessaiyto seal tjie mixture 
in a bomb tube prior to heating. #, This methjrl yields beryllium 
small bead.s contaiAing but little_ sodium.^ 

Compounds 

Btrylliunf sjfide {beryllia), iHeO, is formed when beryUium 
is burnt in air. it can also_be obtfcined by igniting the carbonate 

• ^ 

* G. Oes^rheld, Zeitsch. Anorg. Chem. 97 (1916), 1. '' , 

* M. A.Tfunter, Eighth Int. Cong. App. Chem. (1912), II. 134. “’Compare 
also J. 6’oc. Chem. Ind. 4o {1921J, 314r. 
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or nitrate A hy^ated W(„s^ally known ‘rBferyUium 
hydroxide, *erOHi, bu(fpo.si4bly no? a tr«e co,np'o*,nd) k fL^ed 
as a w^umxnous selatmous^rccipitatc wiie .1 amnio.<5a is iJddcd to a- 
olution vf any beryIh«i„J«j,lt. When freshly precipitated, the 
hydi'oxu^s readily solu^lc-iu ^-ids and alkalis, but if it is keit 
or any hnigth of time, it undigocs.a gradual change, gecoftiii 
less readily solublft in. acids. 'I'lio " a<minir ” ti,; i ^ 
change is eiriled-is grc.atly acoelerifted by boiling the prec^S 
with water biA occurs at ordinary temperatu?c. , the pre- 
cipitate IS dried 1 The ageing is probably merely^, pljlial et,a,ige 
he, l.recipitate beemniiig denser and less gelatinous ; /tL dimifiislied 
■ ate of dLssolutioii is duo to the diminulioii in the surface area 
I he anFiydrons oxide dissolves only very slowly in iwids and 
a kalis owing to the small surface area pre.sented fo tiie li,,ui,k Tt is 
mdeeil possib e, by igniti«, at a high lemperal me, to eonvert 
bery hum oxide into a iorm .so hard and dense as to be j.raetieally 
mattaeked Tiy any ordinary reagent. A similar conversion of 

i I wil^Se mot with 

later. It should bo me*ition«d that, ignited beryllia is lujr.ler than 

dlanttl^ (eorumlum), and approaches the hardness of 

Rmyllium ffyrlroxide, even in the freshly precipitated form, is so 
. ghtly soluble m water that the, saturated solution scarcely shows 
a,n advalino reaction. Ileryllium oxide differs from the oxidestifFhi' 
a kali metals not ctnly in it,s indilferenei^ to water, but also in its 
^tremob^ ]^h meitmg-point. It is an i-xtreraely refractory 

sub.stanee, only melting at aboul 2,525' ('. * 

Beryllium Salts. 'Ihe salts can ife pr, |,ared bf dissolving the 
pree.piated “hydroxide" in the a,his in ipiestion., they are all 
nithout CO our, exeqit n here derived, from eolourH acids 'Ihe 
su Phate, Best),, u.sflallyVi^^^talli.es with four molecules of’waiin-^ 
c lthough other liydr^des Juive b<cn d.<,scribed. 'Prie nitrate is 
de iqurat. 'Ihe anhydrous chloride, .I5e('I.., is« prehtabV 
bt.unwl by jiassing cMorme gas over a lieateiftnixture of beryllium 

Z'l kiT*'^ * 1 ," beryllium oxide and carbon 

hou d he made into pellets, amUieated in a l,a?d gla,s.s tube through 
«h cl, .hlorrne is pas.seil. 'Ih1%. is a general method of making 
anhydrous chlorides. Beryllium chloride is vohitile ami ha.s a 
vapour density corresponding to the formula B(€l,. Tt is (Wi'ques- 
cent, as indeed are all the ehlorkhtS of the metals* oF this grouS. 
Various hydrates are known. ' ^ 

The solutions .of soluble heryiium salts usually have all acid 
‘ 1'. Habor and C. van Oordt, Xeitsch. Anorg. Vhem. 38 (1904), 377. 
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reaction'"owing^to hydrolysis, aiM have a sweetish taste; hence 
the‘alternativ% name of the metal—<“glu*oinuiij'.” ' '* 

Organic Saits A Wlien beryllium ^arbonate is treato/ with 
eacess of formic, acetic, or other fatt^ / acid, curious volatile salts 
are produced; as a result of an(,lysis f iid the deterii’i'.iation of 
wpour density, the forniuliB' (H.cbo.) 8 Bo 40 and (CH 3 .C 00 ),Be 40 
jiavo been assigned to the fonifatc and acetate respectively. They 
are praoticalljf infojublc in cold water, but the acetate dis.solves 
readily in' chloroform. 

In^luble i^alts. When a beryllium salt is precipitated with 
sodium carbonate, the white precipitate consists of a basic car¬ 
bonate. If this is su.spended in water, and carbon dioxide is passed 
through the suspension, it passes to some extent into solution, 
the normal carbonate (BeCO^), which is soluble, being formed. The 
latter substance, however, readily lo.ses carbon dioxide, regenerating 
the basic salt. Another insoluble salt is the phospiitte, which is 
obtained wljpn an i^ks.li-metal phosphate is added to a solution 
of a soluble shit of beryllium. 

Beryllates. A ^solution of beryllium hydroxide in- caustic 
alkali probably contains a “ beryllato,” corresponding to the 
“ zincate ” formed from zinc oxide. But the solutioiH are strohgly 
alkaline, and would appear to bo considerably hydfolysedo Beryl- 
liu® hydroxide is readily deposited from the dilute solutions. Many 
chemists would say that the apparent solvent action of alkalis on 
beryllium hydroxide is not due to “ chemical combination ” but 
to “ peptization,” a Colloidal solution being produced. But, as was 
pointed out in (.ih^pf'^r I)> the two views are not so irrecon- 

cUablo as is sometimes supposed. 

Analytical 

Tnuthe solubility of its salts, berylfium resembles aluminium 
more closely than any member of its own group. It^.is eajjjly dis¬ 
tinguished, and even separated, from most ojiher metals. It gives 
no preeipitate with hydrogen sulphide in acid (Solution, but it gives 
an insoluble hydroxide upon the addition of ammonfa, which dis¬ 
solves readily iri caustic alkalis. Aluminium behaved in exactly 
■^ohe skme way, and the separation of those two elements is less easy. 
However, by ailding 6N sodiusu hydroxide to a solution containing 
both metals, ucitil the precipitalw of hydroxides just redissolves, 
diluting the solution and boiling for forty minutes, the whole of the 

' G. *cTrbaia anel H. Laeombe, Comptbs Rend. 133 (1901), 874 V 134 (1902), 
772. 
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beryllium is repreeipitatcd a* Aj^dro^idc, owing the* hydrolysis 
of the beryttatb • %)diuiA aluliiiiiate is loss easily d^sconyiosedViid 
the aluminium remains in Solution. ‘ f 

Hara^g obtained a MuVfen pf a ♦beryllium salt free from otjjor 
metals, ^can be precipitated |ls hydroxide with ammonia ; tho 
precipitate is then filtered ^fT, ^nd, <aftor drying, ignited^; iff p^jp- 
forred, it can be Ignited in contaj;t wntli the filter paper. The 
residue is wsighed as beryllium oxide (BeO). 


Teekestbial Occureenoe 

Beryllijjm is one of the rarer elements, but it must have been 
present to a small extent in the molten masseij of silicatea which 
from time to time have been intruded upwards into tho earth’s 
crust. Like other rare eletncnts, it has tended—during the solidi¬ 
fication of yie magma—to accumulate in the portions which re¬ 
mained liipiid to the end. Pegmatitic veins' for instance, some¬ 
times contain the silicate of beryllium and iduminiiim, known as 
Beryl . BesAhfSiOj)^. * 

It seems, however, fairly certain that the vapour of beryllium 
fluolide w'as^ilso among the gases relca.sed from the igneous mass 
during that last stage of cooling, for we find beryls associated with 
varions other minerals such as tourmaline and topaz, whij^h tire 
kno^ri to have been formed by the action of gases containing 
fluorim and^boron.^ 

Where,'as in Madagascar, tho original iguJous rocks containing 
beryls have bceome converted into rctfceartlis or latijfitos, the beryls 
have remained unchanged, 'riieir c.xtraction from such soft 
materials is, of epurse, comparatively easy.“ •' 

Beryl is sometime* colo«rl«ss, but often contains traces of other 
metals which cause it to Be coloured. A pale gr(»m variel^is 
known as “ acpiifniafine,’^ whilst a bright green variety, 'yhish 
owes its colour to thi;.presence of chromiiimVs called " emerald.” 
Beryls occur in all parts of the wrrld, notably tho United States, 
Msdagascar,. Brazil, ^ndia, arid Siberia. The .best emeralds come 
from the Republic of Columbi*Jwliere they' uccur in calcite veins 
traversing at limestone.* These veins were probaWy caused by the 
passage of fluoride vapoilrs or fluoride waters -containing ajj^taiii* 

^ H. T. S. Britton, Atialyst, ib (1921), 3^9. For other laeuioua, see oir vv. 
Crookes, “ Select Methods in Cheinicif Analysis ” (^onginafis), 1905 edition, 
p. 160. • • 

® Compare H: Hatch, Trann. Lnut. Min. Met. 21 (1911-12), 2^3. 

* G. F. K«nz, .firng-. jT/m. J. in (1921), 14. , * ^ 

* C. Olden, Trand. Inst. Min. Met. 21 (1911-12), 193. 

M.O. VOL. n. 
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amount oi BeryllAim fluoride—-thro^gii the cracks of the limestone. 
The’calciupa carbonate Of the limestone Ws been' attacked, and 
afterwards has been redeposited as calcit*^ whilst the comparatively 
sm^.11 amount of beryllium flt.oride h'di,) Suffered decom|jbsition, 
the, beryllium being deposited as guren siljcate crystals (^pieralds). 

(Altnough beryls of the variety su/tabJe for display as gem-stones 
aye comparatively rare, the le^s choice crystals are far from un¬ 
common. In a few;,places very big crystals occur. In New Hamp¬ 
shire a partioular crystal was found weighing 2,900 lbs. 

Another form in' which beryllium occurs is the aluminate 
Chrysoberyl . . . BeO.AlaOj 

which likewise occurs along with tourmaline in granitic racks, and 
is also found as pebbles in deposits which presumably have been 
derived from such rocks. I'he simple silicate 

Phenacite . . . Be 2 Si 04 

is also found in nature. 

X L' 

Another beipllium mineral, which will be mentioned again in 
the section on the “ rare earth metals,” is 

Gadolinite . . . Be 2 Fe(Y 0 )j(Si 04 ) 2 . 


Technology and Uses 

Gem-stones. The clearer varieties of beryl, and especially 
the green variety known as emerald, are considerably sought after 
as gem-stones. It is" perhaps a little curious that the* emerald 
should be prizefl so highly aa a gem, since in the two properties 
which ai'e generally desired in jewels, namely high refractive index 
(which causes lustre) and great hardness (which ineans durability), 
emerald stands distinctly below niort »f the other gem-stones. 
'Nevertheless rmeralds appear to be one of the most highly prized 
of'stanes. iThe emerald mines of the liepublic’of Columbia are 
largely worked, whils':. the other varieties ofoperyl are, obtained in 
many places, notably in the Liryousin and in Madagascar. The 
by-products from the beryl industry form JJio mo.st important 
sources of beryllium •compounds. 

Preparation of Beryllium Salts. In the preparation of 
^eryluwn compounds, the less choice ancl smaller fragments of 
b&'yl are employed. Beryl isi not an easy mineral to decompose, 
being practically ungffeqted by < treatnfent with acids. If very 
finely powdered, however, beryl is slowly attacked by various 
mixtuiSs of fusqd salts ; the fine powdering is of impbr^yince, as it 

is essential to rvrodnee, the maximum surface of contact between the 
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beryl and the solvent. A fdseS mixture of sodiii^n any,potassium 
carbonates^a’s bW u^ed &% a solvent, ‘but probably,the estsiest 
way (rf breaking down bjstyl is to heat the finel^ divided mineral 
with s5>iium 8ilicofluofidt|*(IIa.^Sil\).^ After heating, the ma^ is 
extract!^ with boiling ,wa‘tcrj when beryllium fluoride dissolves, 
silica and aluminium hydrpxide being left behind as a* inifolirfflc 
residue, which can bs removed Ijy filtration. From the filtrate, 
beryllium fs precipitated as hydroxide by i^pj^ns of caustic soda ; 
the precipitate is then dissolved in sulphuric acid. ahd«l^ recrystal¬ 
lization, beryllium sulphate can be obtained in "a state of moderate 
purity. 

Where gadolinitc is the source of beryllium, the powdered mineral 
can be decomposed most easily with hot concentrated* aiJlphuric 
acid.^ 

Uses. There are but few technical uses for beryllium compou nds. 
Beryllium iiitrate is added to the thorium solution used for the 
impregnation of gas mantles ; the pres#n^e of beryllium oxide 
in the. ash skeleton of thoria appears to add to the»dtrength of the 
skeletop. At the coiflmencement of the war, some dilliculty was 
caused in the mantle industry by the shortage of beryllium salts ; 
thi» difficulty was soon overcome.’ 

Beryllium-c*'pper alloys are said to have very valuable pro¬ 
perties, but their use is restricted by the expense of obtaiping 
beryllium. Owing to the low specific gravity, the quoStion of 
employing beryllium in light alloys is arousing interest. Were 
berylliup! bres more plentiful, it is likely that bcryllia would find 
employment as a refractory. 

' H. Copaiix, Comptcfi Rend. 168 (1919), 010. Niimerons alternative 
methods are given t»y J. S. Nogru, Met. (Jhe.tn. En<j. 21 (fl)19), 353. 

* 0. James and 0.^. Pofley. J. Amer.Kyhem. Soc. 38 (1910), 875. 

^ S. J. Johnstone, r/. Soc. (^^hem. hid. 35 (1910), 812. 
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MAGMESIWf 
Atomic weight 


24-32 


The Metal 

Magnesium''is a w^ite metal, having a brilliant lustre when fresh, 
although it soon, becomes dull in damp air. It is much softer than 
beryllium, being actually a little harder than tin; magnesium is 
both ductile and malleable. It melts at 650° C., far baiow the 
melting-j[)oint of ba”yllium, and boils about 1,100° C. It is the 
lightest metal which can be said to bo “ permanent ” in air, lighter 
actually than beryllium or aluminium, the specific gravity being 
1-74. 

Magnesium Ls more rea/^tive than beryllium. It evolves hydrogen 
with great rapidity even from very dilpte acid solutions. On the 
other hand, it is unattacked by caustic alkalis, and reacts oidy very 
slowly with pure water, possibly because the product of the reaction 
is the hydroxide, which is but feebly soluble and whifh seems-to 
produce a protective layer over the surface of the n.etal. ,Never¬ 
theless, when certain salts are present in the water, hydrogen is 
freely evolved, and magnesium hydroxide is produced in a form 
which does not seem to interfere with the continued attack upon 
the metal.1 Sodium,- potassium and ammonium clfiordes are 
notably effective in promoting the attack of magnesium by water ; 
chlorides of calcium and barium are said to have a less marked 
action. . 

Although most of the investigators jprefer tp ascribe the effect 
chloride^; in promoting the corrosion of magnesium vaguely 
to some “ specific catalytic action ” exerttM by Ahe salts in question, 
it is possible to suggest* a more satisfactory explanation. Ammonium 
chloride has- as is well known—a considerable solvenV power for 
magnesium hydroxide,, and thus it will preverio the forpiation of a 
protective film. It i^ often stated that the same explanation 
cannot be extende-J to the case of the other chlorides'(e.g. potas- 
,^'im chloride), because when magnesium is .attacked hy potassium 
chtpride^' a cqnious precipitate of magnesium hydroxide appears. 
But, although tt^e solvent power of ^potasgium chloride may not be 

1 L. Kahlenberg, J. Amer. Chem, Sue, 25 (1003), 380 ; C. F. Roberts and 
L. Browit, J, AmeT. Ohem. Soc, 25 (1903), 801; F. H. Getixign, J. A^ef, 
Chem. S6e. 38 (191C), 2094 ; 39 (1917), 590 ; W. Hughes, Trans.'Jhem. Soc. 
116 (1919), 272. 
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sufficient to prevent tlje fofmationi of solid magnesiuVn 
entirely, {u may 'fee sufficient to modify the cfiarajt 
hydjmide precipitate^ ;f, a substance precipitated from a solution 
in wnich it is partiallyj*solu]?le I usually differs considerably in 
physicijJ. condition from the liame substance precipitated fr»m a • 
solution in whicli the solubiRty i^ very low. Purtheiffiiore, it is 
rather to be expected that the prisence of chlorides in the solution 
will tend *to “ loosen ” the hydroxide, causisg the compound to 
enter the bo^y of the solution as a diffuse precipitJtte, instead of 
adhering to the surface of the metal as a tight protective film. Any 
dissolved substance which lowers the interfacial tension between 
the wa^r and the hydroxide is likely to have this'loosening action, 
and the fact that chlorides arc known in m^ny cases? to have a 
peptizing action upon precipitated hydroxides would seem to indi¬ 
cate that chlorides do reduce the intcrfacial tension between the 
hydroxide# and water. ^ 

Even towards acids, magnesium somc^n^es shows “ passivity.” 
For instance, the metaj is attacked readily by 5«per cent, acetic 
acid, j)ut the additibn of 1 per cent, of potassiunr dichromate 
completely stops the reaction. On the othof^hand, the addition of 
chlorides causes the action to recommence. Here again the 
passivity is jrobably due to a closely adherent oxidized film, which 
in the presence of chlorides becomes ineffective as a prot<jptive 
layer. • 

It is notewortTiy that amalgamated magnesium is less liable to 
passivity '(partial or total) than pure magjtiesium ^ ; possibly the 
oxide does not adhere so readily to an amalgamated surface. 

Magnesium, when heated in air, burns with a vdy brilliant flame. 
The light emitted is of an intense bluish-white cojour, very rich in 
ultra-violet ray^. No doubt the brifhtnc.ss is duo to incandescent 
particles of magnesium (jxido. The light is quite differcn''^Esan» 
that evolved by flfynos •ontaining motaks in the vaporous state. 

Having a more negativef electrode potential than aity other metal 
which is sfcble towstfds water, magnesium is capable of precipitating 
many other metals'from sqlutiAis of their salts. To some extent,, 
the oxide-15lm intefferes withjiiis, but if the solution is even slightly 
acid the ((placement at once\)Ccurs. Thas mj.gnesium immersed 
in a solution of coppef sulphate liberates metallic copper, ^thoug^^ 
hydrogen is always evolved at t^e same time. 


hydfoxide 
)r of the 


* U. R. Evans, Trans. Faraday Sof. 18 (ni22f, 3. 

* B. Lohnstein, Zeitsch. Elcktrochem. 13 (1907), 013. 

” See P. Seek, Rec. Trav. Ofam. 41 (1922), 353, wljo has cotiI{>ared the 
electrode potentials of pure and amalgamated magnesium immersed in 
numerous solutions. 
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Lajborato'ry Preparation.! Magnesiunj has, t 09 pegative a 
nornSal elegtrodO^ potential to be deposijjed in t'he elenjental con¬ 
dition by the electrolysis of an aqueous/ solution of a sal^ The 
element can be formed by th/ elpctnol/'sis of fused ma^esium 
chloride, the melting-point of wliichhs conveniently lower(/d: by the 
adcfition Of potassium chlorid^.' Tne'fused salts must be quite 
frpe from moisture and from magnesium oxide ; any traces of oxide 
present can be convtvbid to the chloride by adding a little ammonium 
chloride to the fused mixture. The electrolysis may be carried out 
in a graphite crucible, which serves as cathode, a carbon rod being 
introduced as an anode. Precautions must be taken that the 
molten magnesium formed at the cathode does not become j.ttacked 
by the ohl'orine pro(;luccd at the anode, or by atmospheric oxygen. 
The magnesium is deposited in a somewhat spongy condition, but 
can afterwards be melted up to a button under a covering of calcium 
fluoride. , 

If during electrolysis^tljp fused mixture becomes too impoverished 
in magnesium, <the precipitation of potassijim at the cathodq may 
commence. - This can be recognized by the' bath becoming, blue ; 
the presence of metallic potassium and sodium in fused salts usually 
causes a blue colour. The remedy is obvious. Dark spots arc 
sometimes produced in tbe electrolyte during the preparation of 
magpesium ; these have been ascribed to the formation of a sub¬ 
oxide ; ‘ they only appear if the electrolyte employed contains 
traces of magnesium oxide.^ 


Compounds 

Magnesium oxide, MgO, is formed, together with a small 
amount of nitride, when the metal is burnt in air. If the com¬ 
bustion takes place in oxygen, the osidc only* is produced. The 
§aii!fe' substanevj is formed by heating‘ the carbonate or nitrate. 
Several varieties exist, differing greatly in density, the strongly 
ignited form being lest'reactive than the raoue voluminous forms. 
The hydrate, magnesium hydr 9 xide, Mg(QH) 2 , is formed as a 
white precipitate by the addition of cau.stic spda or potash to a 
solution of a magnesium salt. It |» probably a definite chemical 
compound. The Hydroxide is only very sparingly soluble in water 
■^about'J. part ip 50,000), but the solution ik distinctly alkaline to 
incdcators. '"Kte same precipitate is formed when ammonia is added 
to a solution of p, magnesium salt v.-but it is not precipitated if an 

* S. A.^ucker and F. L. Jouard, Trane. Amer. Electrochem. Soc. 17 (1910), 

249 . ,, • ” 

* H. C. Frary and H. C. Berman, Trane. Amer. Electrochem. Soc. 27 (1915), 
209. 
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ammonium salt is present, *f(^* reasons explainer! in ‘CBapter VI 
(Vol. I). ’ ' 

Soluble Salts. Wiben’^agnesium or "its hydroxide is dissolved 
in an acid, a solution of i; maepesVm salt is produced. The anlts 
themsel>ES can bo isolated from j.his solution by crystallizaiiion. ■ 
The sulphate, MgS04.7H20? fo^'is colourless rhombic prisms 
isojnorphous with thiosulphates Oi many other divalent elements 
(such as zinc^ cadmium, nickel and ferrous*ison). The nitrate, 
Mg(N03)2.6H20, and the chloride are deliquesetfni, like the 
corresponding beryllium salts. The chloride is not easy tco obtain 
in the anhydrous .state by the evaporation of a' solution of the 
oxide o» carbonate in hydrochloric acid. When sftch a solution is 
concentrated, one of the hydrated chlorides ,(iysually M/JOlj.bHjO) 
is deposited. If we atteny)t to drive off the water of crystallization 
by heating the solid hydrate, the salt is converted in part to the 
oxide, thu» 

MgCU + H 2 O = MgO 2^C\, 

hydrdgen chloride bcvi^ ewolved. In the presence* of air, chlorine 
is alsd* produced, * 

MgClj + 0 .= MgO + Clj. 

Con.soiyren^lyf the ultimate product of evaporation of the chloride 
solution consists in a largo degree of oxide. However, hydrated 
magnesium chloride can be successfully freed from water bj^heating 
in a current of hydrogen chloride ; the presence of e.xcess of this 
‘ gas, wliiolf is one of the products of the clij|,ngc, 

MgClj + H 2 O = ItfgO + 2HC1, 

prevents the dccompo.sition from taking place. The anhydrous 
chloride dissolvio in water with the^evolution of’heat. 

Insoluble Salt^ in the case of beryllium, the insoluble salts 

include the carbemat^ and phosphate. When* a magnesiugj 
sulphate solution is prec%)itatcd by sodyim carbonate, a basic 
magnBsiunfccarbonafe (or mixture of basic catbonato and hydroxide) 
is produced. A light variety ds obtained when precipitation is 
conducted *in the «old, and % denser prodifot is obtained from a 
boiling solution. The carbo^ilte, although illmost insoluble in pure 
water, is quite soluble in water containing carbon dioxide, a soluble 
bicarbonate being no Soubt produced, as in the case of tJke corrS^ 
spending calcium compound. 

Various phosphates of*magn1»ium arg pi;pduce(? by precipitating 
a solution of a magnesium salt’with the different phosphates of 
sodium.* The acid phosphates are comparatively solubltf. When 
a magnesium salt solution is treated vqth sodium phosphate in the 
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presence'^‘amtwnia, an insolu ble ^oilble phosphateJVIg(NH4)P04. 
6Hs<), is tljroww down as a crystalling precipitate. Thtp substance 
on heating leaveli magnesium p3rrophosihate, Mg2P207. 

• 2Mg(NH4)P04 = mI.P A + H 4 O. 

Alagnesium nitride, Mgal;^*. Magnesium is, the first metal to 
considered, which forms a ntiride of suffioient importance to call 
for remark. It will bo seen later that, in the case of several of the 
metals tha’t "follow, notably aluminium, titanium and vanadium, 
the nitrides are quite stable compounds. Magnesium nitride is 
formed to a small extent when magnesium is burnt in air; it is 
produced free from oxide when the metal is heated in a (yarrent of 
nitrogen., "or in gasequs ammonia. It is usually described as a 
yellow-green substance, which gradually decomposes when exposed 
to damp air, ammonia and magnesium 6xide (or hydroxide) being 
formed. The same change occurs quickly, with considerable 
development of heat, wjien the nitride is introduced into water. 

MagnesiurrC peroxide. When sodjum peroxide is added to a 
concentrated solution of a magnesium salt, a white pracipitate 
which contains a hydrated form of a peroxide, mixed with the 
ordinary hydroxide, is produced. , 

Organic Compounds of Magnesium. Very important com- 
poi/udq are formed by the action of certain organic iodides in 
ethereal solution upon magnesium turnings. .Thus an ethereal 
solution of methyl iodide (CH3I) yields the compoun(j CHj.Mgl;, 
this compound can be isolated as a solid when the ether is removed 
by evaporation,, although the crystals obtained still contain one 
molecule of “ ether of crystallization.” Other analogous com¬ 
pounds, such as CjHj.Mgl, arc known. They fvre much used in 
organic chemistry under the name of .Grignanl’s reagents. 


Analytical' 

Salts of magnesium are characterized by, no marked colour 
reaction, but the distinction and separation of the element from 
other metals is not VPry difficult/"'Since the insolubility of the 
hydroxide is far from complete, the metal is not precipitated by 
Snmonie, in the presence of ammonium salts. It is also not 
prScipitateif Ify' hydrogen sulphide, nor by ammonium sulphide 
(for magnesium*'sulphi/ie js decomposed' by water); nor yet by 
ammonium oxalate (for magnesium oxalate is not sufficiently 
insolublt). Now, practically all other metals, except‘magnesium 
and the alkali-mctargroup^ are thrown down as an insoluble com- 
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pound by one or other of the i%£i^entf|mentioned, apd calijEherefore 
be separated. Aft^ijwards mSgnesium can be sepaiate^ fromVthe 
alkali-metals by virtue of tto insolubility 6f the ddbble ammonium 
magne^ni phosphate in srftytiops Containing ammonia. ‘The Ijot 
solution 3ft made strong^ a'mnlbni^ pal, and sodium phosphate is 
added. The solution is stirrpd ffell.' jand allowed to stand<for %oipe 
time; the magnesium* comes dow, i as a crystalline precipitatj 
consisting df the double salt, MgfNHijPO*, ,The precipitation 
requires time, Uut, if the conditions are right, it is qilite Complete ; 
the precipitate can be filtered off, washed witlf water containing 
ammonia and ignited with the filter paper. The residue is weighed 
as magnqgium pyrophosphate, MgjPaO,. • 

The common alkali metals are not precipitated undej these 
conditions ; but, if lithium should be present, its phosphate, which 
is also insoluble, would b8 thrown down at the same time. In 
consequence, if the mixture of salts should contain lithium, the 
magnesium is not directly precipitated as phosphate, but is thrown 
down as hydroxide by boiling with milk of lifno. fhe precipitate 
consists* of hydroxides of caltium and magnesium. It is dissolved 
in a little acid, and then made ammoniacal. ^he calcium is first 
sepstf’ated as insoluble oxalate, and the magnesium afterwards 
precipitated as,the double phosphate in the manner just described. 

Tberkstbial Occubrencb 

• Magnesium is an element which occurs very abundantly on the 
earth. In the consolidation of intrusive igneous masses, the 
magnesium has separated for the mi^t part in thp portions that 
have solidified in the comparatively early stages, that is the basic 
and intermediate portions. Here wo ^d crystals of such minerals 
as 

Olivipe ior p»ridote). . (Mg.FejSiO* 
as well as far more cogjplox silicates like augiWpand hornSlendo, both 
of whi^ contain magnesium. 

When the^ rocks are exposed fo the action, of water and carbon 
dioxide, they readily undergo ^changes. Occasionally, the mag¬ 
nesium remains in the mass alter the alter&tior* Peridotite, for 
instance, an ultra-basic rock consisting largely of olivine, beeomes 
weathered to serpentine-rock. The^main consituont of* th^attgr 
is a hydrated silicate of magne^um, , 

Serpentine . . • . . SMgO.2SiOj.2HtO. 

formed bjur^oval of most of *the iron. The altered roclf*has a 
mottled appearanne eontaininv reH nnrtioua. tlie colour of which 
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is due to,o'!cide pf iron derived from tVie original olivine ; the altered 
cryWls of olivine are generally trWerffed a reglilar network 
•representing thb old cra'cks through wJijch the water which caused 
the change must have penetra/jed^the,6l[ivine, and along tlfe lines of 
these cracks remain strings of particle's of magnetite (EggOi). The 
ipesh-stmcture which is chai) cten'sthi of serpentine is due to this 
/jause. \ . 

It is probable fh^'t the important mineral 

' • Talc. 3 Mg 6 . 4 SiOj.HjO 

is also produced by the alteration of ferro-magnesian silicates, 
although very likely from minerals like augite and hornblende, 
rather than from olivine. 

By the action of-carbon dioxide and water upon rocks rich in 
magnesium, the carbonate is frequently,produced, and it is probable 
that some of the important deposits of 

Magnesite .... MgCOj, 

notably thoss- of Euboea (Greece) have,been formed in this way. 
In such c!ises magnesite is usually associatfcd'with sorpenjjne. On 
the other hand, the^tyrian magnesite, as we shall see, has a different 
mode of origin.^ _ « 

, But in most cases the more important result of» weathering has 
bqen to remove the magnesium in solution, and consequently all 
naturUl waters which have passed through magne-sium-bearing 
rocks come to contain magnesium. Soluble .salts of magnesium ai u 
normal constitne.nts-.of riyer.w.at er. and a te thus en.7^ie d into thb 
sea. Where reefs of coral or deposits of shell have been formed on 
the bed of the'oeean, and are in the process of being consolidated 
into limestonq (CaCOj), the magnesium salts often act upon the 
calcium carbonate, part of the calcium being rcjjjSced by magnesium, 
r«c*jj(irthat the jnincral 

■■ * , Dolomite . . CfeCOj.MgCOj 

i 

is formed. In suclf cases, the strata, instead of h<?rdenfng into 
true limestone, comes to form magnesian»limestone ” or “ dolo¬ 
mite-rock.” Sometimes as a result of further alteration the whole 
of the calcium may*,bo climinaiy.'vf, leaving magnesite. The im¬ 
portant magnesfie bods of Styria have been formed in this way. 

It'is quite likely that, in many cases, Ihe “ dolomitization ” of 
Bmestone'm'ay occur long after the calcium carbonate deposit has 
been consolidated intp hafd rookj'Jhrou^ the agency of magnesium¬ 
bearing waters permeating thrdugh the rock in question. Possibly 

* For mode of origin of magnesite see F. W. Clarke’s " GSuohemistry ” 
(published by U.S. Geol. Suiprey). 
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much of the raamesian liraestoiTe^Jf England was originally ordinary 
“ carboniferous lime’sjone,*’ but has undergone alteration thro»%h 
percolaiMg waters containing magnesium'salts delived from the * 
Permian^nd Triassic rocks'nba\je i|. There has been a'certain 
amount okdisagreement nmohg feok gists, however, regarding tlje 
question of dolomitization. 

A considerable part of. the raagnesk iW which finds its way to the^ 
sea, however,* is not removed, and so the metal ^pgds to accumulate 
in the water. liTormal sea-water contains magnesiumTo.tfio extent 
of about 0-5 per cent, of magnesium chloride (redkoning the whole 
of the magnesium as chloride), but the waters of man^ of the bitter 
lakes of desert regions, which have partially evaporated, contain 
much more. The Dead Sea contains over 9 per cent. Bqf it is 
only where inland lakes have gone through *a long process of 
evaporation—as at Stassfutt—that the deposition of solid mag¬ 
nesium salts ^as taken place. In the upper parts of the salt beds 
at Stassfurt, where potassium deposits occjjir, magnesium is also 
found. Of course, the principal source of potSssium^ 

Carnallito 1 * . . KCl.MgClj.fiHsO 

contains magnesium, whilst other minerals found at Stassfurt, such 
as tlfe sulphate, 

• K?escrito .... MgSOj.HaO, 
contain magnesium as the only metal. 

Technology and Uses# 

Manufacture and Uses of Magnelium Oxide and Magnesia 
Refractories. The main employment of magnesium compounds 
is due to the highamolting-point of magnesium oxide. Both cal¬ 
cined magnesite and^alcin'ec^dolomite arc used as refractories for 
the lining of furnaces, ^and^^r other purposes where a ffiatcrial wi^ 
a high softening-temperature is required. ^ Calcined •magnesite 
consistsaesseatially of^agnesium oxide (Mgt)), although, it may 
also contain iron oxijle which cansiderably lowers the melting- 
point ; oalciited dolomite naturally consists of a mixture of mag¬ 
nesium and calcium oxides, (joined magnejSte is preferable, but 
more expensive, magnesite being much less common than dolomites 
The employment of both substances is very extensive in the snanu- 
facture of steel by the “ basic process*” Here the slag* i^ich mu^ 
have a distinctly basic clfhraotdf, wouli^ readily interact with a 
furnace lining of silica (the refractory employed in the “ acid steel 
process ”)« A basic lining for the hearth is therefijre necesSary. 

Calcined magnesite is largely employed in stecl-furnaces in the 
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form ol,nlagnefiite bricks. I’he briclks made from ^tyrian magnesite 
Trere for^erl^ considered to be th*e beA. "jAis was, not so much 
'■ due to the quality of the original Styjjian magnesite, as t^the care 
with which it was selected, #alc,ine(} and graded. Early attempts 
to prepare magnesite bricj|s ih England—chiefly from Greek 
^a'^nesite—were not very iNcccsdful. The rqw material found in 
, Greece is actually purer thlkn that found in Styria, but for this 
very reason it requires to be subjected to a hi^hef temperature 
before sintering occurs, unless a “ bonding agent ” is employed. 
Moreover, the Gteek magnesites have, as stated above, an entirely 
different mode of origin from the Styrian ones, and differ from the 
latter in structure ; this, may also 
contribute to the difforenco in be¬ 
haviour of the two varieties on burn¬ 
ing. WitH experience it has become 
possible to produce frojn Greek mag¬ 
nesite bricks perfectly suitable for the 
.steel-makers, and it is hoped shortly 
to excel'the Styrian product.^ 

The calcination of the magnesite 
generally takes place in vertical kilns 
which may be either continuous or 
intermittent. The continuous kilns are 
tall (perhaps 40 feet in height) and 
narrow. Fig. 12'shows a kiln heated 
by flames from burning'fuel (coal or 
lignite) in the grates G. The magne- 
'site is charged in continuously at the 
top of the shaft (S) so as to keep the 
„ kiln full. As thq/.nagncsitc descends, 
12.— Continuous Kiln. it bccoifips * intofisely heated by the 

' ascending cases, and passes into the 

cooling-sp(.cc C conplctcly converted to magnesia (MgO). Here 
the charge of magnfisia is cooled by the indhming ai»*and«ian thus 
be dropped directly into trucks ^jlac^d below. A, whilst the incom¬ 
ing air is at the satae time heated, and enters the kiln proper at 
a high temperature'., ^ 

• Where the calcined magnesite is required for making refractory 
briefis, a very high burning temperature (1,400-1,700° C.) is to be 
fireferred, as the sintering of'the material should be aimed at. If 
too low a tenfperativ’e is employed, th% bricks are likely to shrink 
and ctaok, when they are ultimately put to use in the lining of a 

* it Crook, Tfanst Ceram. Soc. 18 (1918), 67 ; W. Donald, H'rana. Ceram. 
Soc. 17 (1918), 486. 
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furnace. In the manufacture flf ^e iricks, me ealpined’ material 
obtained froB^ tJie Ifijp istgrou^id, partly to coarse granules, aid 
partljT to fine powder ; a mpfture of the codl-se and fine varieties is 
made inw a paste with watl^, kjpt|for about a week, and thep 
pressed into brick form ; jo&fetiilies I little dextrin or some oth^ 
substance is added as a bindqf. »Th(mricks are then burnt in*th (4 
same way as ordinary bjicks, atja higher temperature. ^ 

In the lining of steel-furnaces, magnesite J^ycks are usually 
employed at the base, but often a plastic mixture of grdunef calcined 
magnesite and tar (or calcined dolomite and tar)“is applied above 
the bricks, the mixture being pressed or rammed intb position, so 
as to form a thick layer over the whole surface tojbe protected. 
When the furnace is heated, this becomes consolidated int® % hard 
mass, and will withstand very high temperatures without serious 
alteration. • 

Dolomite bjicks are made in a similar way, but do not “ travel ” 
well; they are usually made on the spot where they arc to be used. 
The dolomite employed for lining the hearth of & basic^steel-furnace 
is, however, mainly applied ih a pla.stic form mixed wiUi tar, as 
described* above ; the dolomite intended for the plastic mixture 
shoul^ not be too strongly ignited. 

Besides its uje as a refractory, calcined magne.sia has a con¬ 
siderable bOTployment in chemical processes. For such purposeS 
the high temperatures of burning mentioned above are not nec*isary 
or even ilcsirable. intermittent kilns of comparatively primitive 
character .stSl give satisfactory results in many chemical works. 
These are generally much shorter and broader than the continuous 
kilns, and there is in most cases no external grate ; tJie fuel needed 
to produce the necessary heat is introduced into the kiln itself along 
with the charge. \^en the kiln is full, ^Iie fuel is lighted and burns 
for perhaps two or tlmce dS,^j» the kiln is afterwards opened, and 
the magnesite—now chaugj^ to oxido—is removed. (Mearly, sinc^ 
the kiln cools down afJer evesy run, the fuel jonsumption of inter¬ 
mittent #vorl4ng is higher than that of contiguous workipg, and 
the labour-cost is also heavy. Mowover the type of kiln in which 
the fuel is butnt in tfce shaft (slifrt flame requires a better 

grade of fuel than that in whicR^n external fire-place is provided 
(long flame firitig); for in the first case, the ashes ^f the fuel comt» 
out mixed with the product. * 

When magnesium oxide is “ slaked” with water, It'fdirms mag* 
nesium hydroxide, and the buspertsion of Ijio h'st-nailied substance 
in water (known as milk of magnesid,) is often a convenient form of 
mild alkal^ It is, moreover, thh starting-point of,one proflWss of 
making potassium chlorate. (See page ^3.) 
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Uses^of Magnesium Sftlts. Several of the^soluble salts of 
magnesium ate derived from the 'bye-{)rod)jcts of 'Ihe Stassfurt 
' potassium industry. Magnesium ch^ide, for instance^ is left 
behind,’ after the separation ^if potassium chloride from a solution 
of camallite. The sulphate also efeeufs, as kieserite, in the Stassfurt 
^ejfesit*, in a hydrated form .4 Th» pure sulphate, ■which is obtained 
jby recrystallizing the nature product, has recently found rather 
extensive employnjent in the Grille process of making sulphuric 
acid. The choice of magnesium sulphate for the phrpose is not due 
to apy chemical firoperty that the salt possesses, but simply to the 
porous, feathijey character of the anhydrous salt left behind when 
water is driven by heat from the hydrate MgS 04 . 7 H 20 ., If, before 
the ignkion, a little platinum salt be mixed ivith the magnesium 
sulphate, finely-divided platinum is left distributed throughout the 
porous mass. The mass constitutes' a most active catalyst for 
causing a mixture of sulphur dioxide and oxygen tp combine to 
form sulphur trioxide, the great activity of the catalyst being no 
doubt duo to ,tho la/ge surface presented by the anhydrous sulphate. 
The soluble character of the salt will also be appreciated when—as 
will inevitably Ifappen after a time—the platinum becomes 
“poisoned” through the adsorption of arsenic or other impurities 
contained in the gases. It is a comparatively easy matter to dis¬ 
solve the whole of the magnesium sulphate in water, after Which the 
small amount of metallic platinum can be separated by filtration 
and can then be purified. ■■ 

Magnesium salts fmd employment in medicine. Tlfe sulphate is 
best known under the name of Epsom salts. The solution of the 
bicarbonate is< also of valud". Various effervescent mixtures, con¬ 
sisting essentially of dry magnesium carbonate and citric acid, are 
popular; they evolve carbon dioxide violentlvr when stirred with 
\rater. 'V 

, A mixturt of magnesium chloride arrd oxide, usually containing 
other substances, is u,sed as Sorel ceifient. When moistened with 
water, it sets to a iharble-like mass consisting of a ba.sic chloride. 
For flooring purposes, a mixture containing 40 per cent, of mag¬ 
nesia, 10 per cent, '"of magnesium chloride, «,long with “ fillers ” 
such as clay, sawdusi, and “ terra'alba ” and colouring matter such 
as Venetian Red, has been recommended.* The nature of the 
“ setting ” process is probably similar to that of plaster, which is 
fconsidered in’the section on calcium. 

Manufactui'e of Metallic Magnesium Lastly it is necessary 

^ R. B. Shively, J. Ind. Eng. Ghem.. 8 (1916), 679. , 

* S'. T. Allen, Electrician^ 68 (1922), 92 ; J. T. Rooney, Met. G'.em. Eng. 22 
(1920), 60; J. Soc. Chem. Ind. 37 (1918), 1U», 141b; 38 (1919), 126r j 
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to deal wit',, the manufacture 6f*taagi»e8ium metal,, winch 'ia now 
an import,ant^ nrliistl-^. Ihe rSaiiufacturo has for sotne time b&n 
carridd on in Germany, aif|i wa.s developed during the war in 
England'^ On the Amencau j;oi)jj;i(tit, it has been eatablished-jj- 
likc most electrolytic pro<^ste—aces where cheap water-powgr 
is available, for instance at, I'^aga a. and at Shawiniga* PaUg 
(Canada), where a metahof 99-75 percent, purity is now produced., 
In Germany* the magnesium salts required ,a £0 obtained fFom 
Stassfurt, whilsff in America, the magnesium chloride. Seeded is 
cither prepared by the evaporation of the water t)f bitter lakes, or 
from the natural depo.sits of magnesite, which oc<?br in various 
districts, ^otably near Ottawa and in California. , 

The process generally consists in the electrolysi.s of ,ia,^ fused 
mixture of magnesium chloride mixed with j)5tassium chloride or 
sodium chloride to lower ths melting-point. There are two serious 
difliculties to^bc faced. Firstly, in preparing anhydrous magnesium 
chloride by heating the hydrated chloride,^ hydrogen chloride is 
often driven off, leaving.magnesium oxide, tlft presence of which 
is fatal ’to the success of tlfc subsequent electrolysis. ,Secondly, 
magnesium metal lighter than the fused misture of salts, and 
will gend to float to the surface, ami recombine with the chlorine 
evolved at the^anode. 

As an Example of a method of overcoming these difficulties, “h 
procqjss recently developed at Wolverhampton, may be referijp^ 

The pro.ess produces not oiUy metallic magnesium but also potas¬ 
sium chlorake. The source of the magnesium is magne.site. The 
magnesite* is calcined to give magnesia, which is ground and sus¬ 
pended in water. Into the “ milk 8f magnesia ’i thus formed, 
chlorine gas (provided from the electrolytic cells mentioned below) 
is passed, magne.siiqti chloride and magnesium idilorate being formed 
in solution. The licfuid ft jencontrated, and allowed to deposit 
half its magnesium chlorid^ Afterwards the clear liquor is treatc^’, 
with potas.siuni chloride; ]jr)tas.sium chlorate, being •much less 
soluble,»crysitallixes oOt almost quantitative^. The nu^ncsium 
chloride is dehydratedaby heating itt 150° C. in a curretit of dry air, 
but, as this gives ris* to a certay. amount of flxide, the product is 
afterwards trgated with hydro^ait chloride at 300° C. In that 
way pure anhydrous magnesium chloride is obtafhod. 

The electrolysis takes place in two stages. In tho.first slaffS, the ' 
cathode is a bath of molten lead, upen which floats*a*ldyer of thb 
fused electrolyte, consistihg oNmagnesjum, chloride and other 
chlorides. Graphite anodes dip iifto the electrol 3 d;e, and ceme to 
within I ijjph'of the lead cathodfe ; 5 volts are applied to east cell, 
and both the molten lead and the electrolyte Sre circulated. At 
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the anddes, chlorine is evol'»ed, V»hSlst at the cathode magnesium 
is j»roduced, and dissolves in the leftd ; fthe ljjJ,d-ma^esium alloy, 
• owing to its weight, refiiains at the btttom of the cell, and fe not 
attacked by the chlorine. T le (jhlojiine is used for the tfeatment 
o| fresh milk of magnesia. Ii t\i^.secbiid^tage, the lead-magnesium 
^loy is«made the anode, thc< ilccl^olytc being the same as before, 
^whilst the cathodes are of steel. In this stage, magnesium is dis¬ 
solved from the s^pde, leaving more or less pure lead; whilst pure 
metallic Inagliesium is deposited at the cathode^ Since in this 
second stage no gaseous chlorine is evolved, there is no exceptional 
difBculty in obtaining a good yield of the metal. 

Magnesium,comes on to the market partly in “ syck-form,” 
partly^as a powder. Its uses are numerous.^ Owing to the power¬ 
ful affinity of magnesium for oxygen, it is added in small quantities 
as a “deoxidizer ” to bronze, copper, aluminium and steel in order 
to reduce the last trace of oxide which would otherwisp cause inter¬ 
granular weakness in the material. 

Owing to the brightness of the light evolved when magnesium 
burns, and its richness in actinic ra}^, magnesium powder is the 
essential constituerft of the flashlight powders used in photography. 
The m etal is also re quire d for mil 
of ligti~sl^ai. 


good deal of magnesium is consumed for the ignition oWhermite 
clfargfis, and a certain amount is utilized for miscellaneous purposes 
in chemical industry as a reducing agent or even as a dehydrating 
agent. «• 

Owing to its lightness, magnesium is a constituent of many of the 
light alloys which will bo 'discussed in the section dealing with 
aluminium. There are also a few light alloys containing mag¬ 
nesium, but no aluminium, As an example, the alloy known as 
“ electron ” may'be mentioned ; it ipntains tiS per cent, of mag- 
i^csiuiti, 4-5 par cent, of zinc and 0-6 poi^cent. of copper, and has a 
specific grandty of onljr 1-79. It is remarkably slrong --considering 
its lightpess—and hSs good machining properties.* <> 


* W. M. Groavenor, ffrans. Amer. Ehctrochcm. hoc. 29 (1916), 621. 

* S. Beckinaale, J. Inst. Met. 26 (1V21), 37.5; Hanszel, Zeitsch. MetaU- 
kunde, 13 (1921), 3^26. 
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Fresh calcium’is a silver-white metal, softer than ntagncsium, 
but possessing a rather higher melting-point (800“’C.). Calciifm is 
quite volatile at its melting-point. The.specific gravity is 1-55, 
lower thai^that of the previous member of the grovq). 

Calcium is^a considerably more reactive metal j;han raa^nesium, 
and its chemical properties are more like those of the alkali-metals. 
When placed in water, the element decomposes it slowly, hydrogen 
being evolveci The hydroxide produced is too soluble to protect 
the metal entirely against attack, but calcijim reacts with water 
much less violently than ^pdium, for instance, which^tands lower 
in the potential series aftd hM also a more soluble hydrcfxide. If 
the water be weakly acidified, the evolution of liydrogen becomes 
far more rapid. Curiously enough calciunl is scarcely attacked by 
concentrated nitsic acid ; this remarkable fact—so much at variance 
with the dlher properties of calcium—seems to bo comparable to thg 
passiuity of iron in strong nitric acid. • 

Although the metJl is unaffected by dry air, it becomes oxidized 
ih exposed. t(? atmospheric moisture. When Ijpated in air it burns 
with a bright flame. 

Laboratory Preparation. Calcium cannot be* obtained by 
electrolysis of an aqueous solution, but is prepared by the electro¬ 
lysis of fused anh^i{;ous palcium chlofide, the melting-point of 
which can be lowered by th(» addition of calcium flu(yide.i Thc 
calcium chloride should be*t!orfectly free from water and calcium 
oxide ; it is best to mix it wifh a little ammonjum chloride and to 
heat it at abtfut 500-600° C. in order to ensure that moisthre has 
been driven off. If thb least trace*of moisture.remains, hydrogen 
will be produced, instead of caliitim, on electrolysis. 

It is usual to* conduct the electrofysis in a gra*t)liit% crucible which 
forms the anode, the cathode being an iron ribbon which is raised 
continuously as the calcium is deposited on it. The calciura adheres 
to the iron, and thus a stiqjf of ^lidT calcium is prq^uced. It is 

* A. R. Johnson, J. Ind. Eng. Chem. 2 (1910), 460. The papers by^. H. 
Brace, J. In^. Met. 25 (1921), 163, aftd Trans. Amer. Electfochem. S9^ 37 
(1920), 466, mould also be consulted, although they refer to production on a 
slightly larger scale. ♦ 

M.O.- VOL. II. 
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necessary to keep the tempc/iaturfe as low as is copaistent with the 
flifidity of the bath, since otherwise the l^alcium is liable to become 
’ oxidized. In cfiio variation of the method, the cathode is a water- 
cooled metal tube. * t ■ 

, » « 

'' “■ Ctimpounds 

Cclcium oxide (quicklime), CaO, is formed when,the metal is 
burnt in, oxygen ,’ if the combustion proceeds in .air, the product 
contains mtride ^.nd generally carbonate. 

It may be ^irepared by heating calcium carbonate, but, since it 
is a more strongly basic oxide tlian magnesia, the dissociation into 
basic and acidic oxides 

■ CaCOa = CaO -t- CO^ 

requires a much higher temperature tha’n the analogous dissociation 
of magnesium carbonate. At every temperature there is a definite 
pressure of carbon dioxide which can be produced by the decom¬ 
position of c^lciurn' carbonato before the reaction ceases. At low 
temperatures, however, a very low pressure of carbon dioxide is 
sufficient for the Equilibrium, 

CaCOa ^ CaO -f COj. • 

At 812° C., the pressure of carbon dioxide needed for equilibrium 
iu equal to the pressure of the atmosphere (760 mm. of mercury). 
It is only above this temperature that the decopiposition of cdlcium 
carbonate becomes rapid under ordinary conditions. 

If calcium carbonute is heated at a temperature below 812° C., 
it will commence to decompose. But as soon as the partial pressure 
of carbon dioxide above it comes to the equilibrium value the change 
ceases. For the pressure will not be sufficient to drive forward the 
gas from the vessel in whihh heating^is taking place, and, although 
!t little carbpn dioxide may pass out by diffusion and will then be 
■'replaced tjjrough the decomposition of Ircsh ealoium carbonate, the 
rate of change due t'i this cause will in general be very small. But 
now consider what will happen if a substance like carbon is present, 
which reacts with, and destroys, carbon dioidde at tly! temperature 
in question. Direcfly the carbbvato is heated with carbon, a 
(Certain amounti of carbon dioxide is formed as before; but, before 
- the pressure due to this gas reaches the equilibrium value, it will 
react with the carbon thus 

, C02-1-C-2C0, 

carbob monoxide being produced. Thus fresh carbon dioxide will 
be formed by- the^ decomposition ‘of carbonate to rdplaqe that lost 
through reaction with carbon, and this in its turn will be destroyed. 
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The decomposition of calcium caAon^e will continue indefinitely 
at quite moder^e tempeFiiturSs without the pressufo of carbpn 
dioxide over reaching the vaiue which would cause |he decomposi¬ 
tion to Cease. It followS, tf!qrefpre,,that the presence of carhop 
enables us to carry out tlip decor-position of calcium carbonate ^t 
temperatures at which under othqj' circumstances the decomposiiioq 
would not take place. \s a whole, the reaction of the preparation 
of calcium oxide from the carbonate at temperatures below S12“’C. 
by the aid of ca»bon must be written 

CaCOj -1- C = CaO -I- 2CO. 

Calcium oxide is a white substance, which melts dt a very high 
temperatuxe (about 1,996° C.), although lower than that at which 
magnesia fuses. When heated, it becomes, like pjgnesia, ifleandes- 
cent. It is a distinctly basic oxide ; if carbon dioxide is pas.scd 
over it, the gas is absorbed, calcium carbonate being produced. 

Calcium oxide has a very great affinity for water. Although it 
combines with less violence than the oxides^ of potassium and 
sodium, the reaction betwasn^limo and water is aocoiapanied by a 
consideraJ)le evolution of heat. When exposed to damp air, quick¬ 
lime takes up moisture, and becomes converted to the hydroxide. 
The same change occurs more readily when quicklime is made into 
a paste with water, the mass becoming extremely hot. The pro, 
duct, calcium hydroxide {slaked lime), appears to be a definite 
chemical compound. ^ When dried at 110° C., it has the eorflposi- 
tion Ca(OH^ 2 . It is a white substance, which is only slightly 
soluble in water, although more soluble than nk'ignesiura hydroxide. 
The saturated solution at 10°C. containing 0-3 per cent. Ca(OH) 2 ; 
in hot water, calcium hydroxide is even less soluble.* The solution 
{limewater) is strongly alkaline, and readily takes up carbon dioxide 
from the air. On Ageount of its comparatively small solubility, 
calcium hydroxide can be olAainod by precipitation of a strong 
calcium chloride solution ifith caustic soda. 

Salts.^ Anjyr solublej salt of calcium may*be obtained ^by the 
dissolution ot the hydroxide or carbonate in the acid in question. 
The nitrate ajid chloj'ide are deliquescent and very soluble, as in 
the case of magnesium. The cWfride forms seyeral hydrates ; one 
of these, CaWj.fiHjO, is formed m transparent crystals when a, 
solution of calcium carbonate in hydrochloric acid is .concentrated 
by evaporation and cooled. When i;}ie crystals are«Ilfeated, they* 
lose water, the anhydrous ahloridp, (^Clj, being fin»lly obtained. 
This latter substance is a powerful dehydrating agent, roadily 
absorbing moisture from the air, and is used for drying gase.» and 

* T. Selaniwanow, Zeitsch. Anorg. Chejgt. 85 (1914), 32S. 
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for freeing organic liquids him thi iast traces of moisture. When 
th 4 anhydrous chloride dissolves in* watpr, a ,^rea{ d 6 al of heat is 
■ evolvedbut, pn the other hand, whfq the hydrate "(CaCla.ffiHjO) 
is^ dissolved, an absorption of heat tikes^ place. It is ctfstomary 
tq compare the dissolution of tht hydrate, which is a solid con- 
t^iningia large proportion of'watqr, jvith the melting of ice. The 
parallel is not quite accurate, but it is certainly a fact worthy of 
notice that most h;^drated salts containing largo amounts of water 
of crystaili^ation dis.solve with the absorption oidicat. 

Calcium sulphate, CaS 04 , is a much less soluble salt, and may 
be obtained by precipitating a strong solution of calcium chloride 
with sulphurioaeid. Various hydrates are known, and tlje relations 
betweenvthem are discussed in the technical section. 

Much more insoluble than the sulphate arc the carbonate, phos¬ 
phate, oxalate and fluoride of calciuuf. The carbonate, CaCOj, 
obtained when a soluble salt is precipitated with sodium carbonate, 
is a light white pow4er. The same precipitate is formed when 
carbon dioxiclp is passed into lime-watei;,,but dissolves again when 
carbon dioxide is present in excess, a deal solution of the soluble 
bicarbonate, CaCO'a.HaCOj, being produced. 

The phosphate, CajlPOila, is obtained as a white precipitate 
\yhen ordinary sodium phosphate (Na 2 HP 04 ) to add^d to an 
ammoniacal solution of a calcium salt; if, instead of ammonia, a 
trace bf acetic acid is present, the acid salt, CaHP 04 , correspohding 
to the sodium compound, is thrown down. Both these precipitates 
are soluble in dilutei,mineral acids, and also in phosphoric aeiJ. 
Prom the solution in acid, a^^oluble phosphate, CaHjlPO,)^, can be 
obtained by crystallization. The oxalate, CaC 204 , is a crystalline 
white precipitate, obtained by adding ammonium oxalate to an 
ammoniacal solution of a calcium salt; i,t is sq'lble in hydrochloric 
acid, but not in acetic acid. The fluwride is similarly formed by 
“ihe interaction of sodium fluoride amTcalciuini chloride. 

f , 

Calcium Sulphitfbs. When hydrogen s;ulphide ^as is passed 
into milk of lime, and the solufion produced evaporated, calcium 
hydrosulphide, CaS.H 2 S. 6 HjO, is bbtaineAjin colourless prisms. 
When heated it evolves hydrogen, sulphide, and yields the normal 
pulphide, CaS, whiefi is a yellow-white mass (probahV quite white 
when pure). /The sulphide is decomposed by water, giving calcium 
hydroxide 8 (nd the hydrosulphide. The normal sulphide can be 
obtained in a,dry way by heatin,« the cxide with sulphur, or (in a 
less pime condition) Iby beating the sulphate with carbon. 

Many samples of calcium sulphide have the peculkr property of 
phosphorescence; if exposed to sunshine the sulphBe absorbs 
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light-energy,.and has the power of emitting light afterwards in the 
dark, This property is alwws connected \»jth the pre'senso of sdlne 
heavy wptal impurity. iPuili calcium sulphide obtifined by heating 
the purest lime with the jjiijest sulphur is practically non-phoS- 
phoresccnt. The conditi? .s under v^hich it becomes phosphores¬ 
cent have been the subject of lengtiiy researches.^ In order tJi 
obtain a strongly phosphorescent product, there should be present,* 
firstly, a trace of a compound of a heavy metn^ su(*h aj copper, 
manganese, or bismuth, and secondly a fluxing npieriat, .such as a 
borate, phosphate, fluoride, sulphate or chloride. .Withouf the 
fluxing material, it is difficult to obtain a strongly phosphorescent 
product, probably because calcium sulphide is nearly*infusible and 
does not therefore dissolve the heavy metal conjppund whdii lieatod 
with it at a moderate temperature. If, however, lime and sulphur 
are heated with a little sodium sulphate and a trace of copper oxide 
(8 parts per 100,000 parts of lime), sintering takes place, and the 
product, after exposure to the sunlight, giv(j^ a brilliant green 
]ihosphoxesconce. The cekny of the light emitted by the product 
after exjiosure to sunlight varies with the heav,^ metal pfesent; if 
analysed by means of the spectroscope, it will be found to consist 
of definite bands, which are characteristic of the heavy metal in 
the raatejial. Thus whilst copper produces in calcium sulphide » 
green or blue phosphorescence, nickel produces a red phosphores¬ 
cences The relative intensity of the different bands, ancf their 
persistence |i,c. the time during which the light continues to be 
^ven out ) arc affected by the nature of ^,ho fluxing material 
employed, which is consequently no^ without influence on the 
colour of the phosphorescent light. Thus calciunf sulphide eon- 
taining a trace of copper gives a green light if sodiinn sulphate is 
the fluxing matcriaiVb'it a, blue light if potassium sulphate is used. 
It may be mentioned at this j»oint that the sulphides of other metals 
of this group are .also pHbsphorcscent in the presence of heavy 
metals. The colour of the phbsphorcscent ligJ^f varies considerably 
in the cSSexint cases. Thus the presence of copper in ‘calcium 
sulphide produces a bluish-greefl pho.spho^escence, whilst in 
strontium sulphide it'^givos a y^ltow-green phosphorescence, and in 
barium sulplwfle an orange-red pUbsphorescerfee, t|prax being used 
as fluxing agent in each case. Magnesium sulphide shows phos¬ 
phorescence in the presence of certain impurities,,'for, instance, 
manganese, bismuth, or arsenic *; but the presence oj certain other 

* P. Lenard and V. Klatt, Ann. P%«.-38 (IsSb), 90; IS (1004), 2^5, 426. 

633. See also G. TJrbain, " Introdnction 4, l'6tnde do In SnectrocMmie 
(Hermann)^ * , *, 

* E. Tiede and F. Richter, Ber. 55 (1922), 69; Zeilseh. Ekklrochem. 28 

(1922), 20. ' ' . ’ 
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impunties, notably iron, appears to prevent phosphorescence and 
it Is only 6y o*bserving special precaution? to exclude such impurities 
that a phosphorescent product can bfe'obtained. The sulphide of 
zinc has recently been prepared I'p ac'gtat^ sufficiently pure as to be 
practically free from phosphorescence, but it becomes strongly 
phosphore-scent if heated with the 'merest tface of a copper or 
'■manganese salt in the presence of chlorides, which act/is the fluxing 
agents.^, ‘ , 


At least one yellow polysulphide of calcium exists. The penta- 
sulphido (CaSj) is formed when calcium sulphide and sulphur are 
heated in the presence of water. The same compound is produced 
when milk of’lime is boiled with excess of sulphur, calcium thio¬ 
sulphate^ (CaSjOi) .being formed at the same time. Other poly¬ 
sulphides, notably CaSj, have been described, but their existence 
is more doubtful,^ 


Calcium nitride.^ When calcium is heated in*a current of 
nitrogen, it often csmfiines with the gas forming the nitride CajNj. 
Any sample 6f calcium takes up nitrogen' above the meltifig-point, 
but only certain firms absorb it readily in the solid condition. For 
instance, coarsely crystalline calcium (obtained by the slow cooling 
of the molten metal) is highly active, and absorbs nitrogen between 
and 600° C., whilst calcium obtained by quenching from 
840° C. (i.c. from just above the melting-point) is said to be almost 
unchanged by the gas at low temperatures. The rate of reaction is 
not greatly increased by breaking up the metal into pov>dor, and the 
combination does nifli seem to be essentially a surface rfetion. It 
appears rathc)|^ to depend nri the penetration of nitrogen through 
the metal, for the pieces of nitride produced in general retain the 
form of the pieces of calcium metal employed. „ Calcium nitride is 
a brown soUd, which is decomposed,by* water or steam, ammonia 
being produced. * ^ 

CalciuM hydride^ is likewise formed when calcium is heated in 
hydrogqn. Here a^ain different varieties W calciuiic slvow great 
difference in activity, and ther» is consequently an apparent lack 
of agreement between the rc.su|tH of different experimenters *; 
some varieties take, up the gaj rat ordinary temperatures. The 
iiydride forms transparent crystals of the composition CaHj. If 

heatJid in air? the hydride burns, and when introduced into water 

• • • • 


* B. Tomascllek, Ann. Pbys. 65 (1621), l89. 

» S.,T. M. Auld, Trann. Chem. ISav. 107 (1915), 480. 

* A^Sioverts, Zeitsch. Elektrochem. ^2 (1916), 15. - 

* (Compare, for instance, the statement of F. Ephraim ann E.^Jlichel, Helv. 
Chim. AcUC, 4 (1921)t 900, with those of A. Sieverts, Zeitach. Elektrochem. 22 
(1916), 16. 
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it evolves hydfogen, calcium* liydroWdo being formed. 'It is a 
powerful recfticiiig agent. * 

Calcium peroxide ift fotltned when hycfrogon peroxiao is added' 
to limowator, separating from tht sdlution in colourless crystals, «of 
the composition Ca 02 . 8 ff 20 . It is a strong oxidizer, and readily 
evolves o.vygon, becoming converted* to calcium hydroxidb. * • 
Although the compound CaO^.SH^O is colourless, it can be mad^ 
to yield a yellow product when warmed with*h,ydrogen pero^de, 
and this yellow product appears to contain some more highly 
oxidized body, possibly Ca 04 .' The latter compound, however, 
has not been isolated in a pure state. .* 

Bleathing Powder.” When chlorine is pal^scd over per¬ 
fectly dry slaked lime, no action takes placp.. But, if-»the lime 
contains a slight excess o^ water, absorption of chlorine occurs, a 
compound known as bleaching powder being formed. Bleaching 
powder evolves chlorine gar when treated with strong acids, but the 
solution evolves oxygen in the presence of S, syitabhi catalyst, such 
as cobalt hydroxide. , , 

Now .the interaction of chlorine and sodium Jiydroxidb is known 
to give rise to a mixture of chloride, and hypochlorite, thus 


2NaOH + Clj = NaCl + NaClO + H, 0 . 

It might be expected, therefore, that a similar change would occur 
whdh chlorine is jvassed over calcium hydroxide, « 

2 Ca(OH )2 + 204 ^ CaCU + Ca(ClO), + 2H,0. 

According to such a view “ bleaching powde* ” should be a mixture 
of chloride and hypochlorite. Bu^ in actual Sact, it is found 
to possess none of the properties of calcium chloride in the solid 
state. It is not ij^eliquosccnt, and, .%lthough calcium chloride is 
readily soluble in alcohol,’tl/ latter liquid has practically no solvent 
action upon bleaphing p»wder. In consequence, it has been sug¬ 
gested (originally by Odlir.g) that blcachipg powder* is really a 
double*”-.'''.,! a chloride-hypochlorite of calciiftu, suitably expressed 




-OCl 

■Cl 


in which case the formation can*be written in tl* simple form 


Ca(0H)j + CU = + HjO.*' • 

Odhng’g suggestion as to the nature of ^e essential constituent of 
bleaching powder appears on the whole to bo reasonable, and most 

• t 

‘ W. Traube and W. Schulze, ^er. 54 (*1021), leJO. 
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of the o^iher views advanced m thVsobjeot seem open to objection.* 

" ' ' * • * » Qnj 

It is probj^blej however,^that the chlori(Je-h 3 rpochlorite Ca<^ is 
hydrated; perhaps the comppiujd ^ * * 

2C,<^%h. ^ 

/orms the main component. When bleaoh'ing powder is dissolved 
in water,_ th^, solntron behaves as though it were a mixture of 
calcium hypochlorite and calcium chloride. Unchanged lime, 
however, exists in all samples of bleaching powder ; very likely the 
chlorine does not get access to the centres of the grains of slaked 
lime, the compound formed on the outside protecting thft material 
within frrm further action. For this reason bleaching powder does 
not form a clear solution, and the turbid liquid has a strongly 
alkaline reaction. 

When the solution is weakly acidified, hypochlorous'acid (HCIO) 
is liberated, being a weak acid. This substance is a powerful 
oxidizing agenj, and readily furnishes pxygen to oxidizable.bodies, 
. HCIO = HCl + O.' 

As a result the acidified solution has a bleaching action upon organic 
colouring matters, for the nascent oxygen attacks, the dyestuffs, 
C(Snverting them to colourless substances. Even withbut the 
addition of acid, solutions of bleaching powder have a slow bleaching 
action, since a certain amount of hypochlorcws acid is always 
present, owing to hydrolysis. " 

When concentrated Soid is allowed to act upon bleaching'powder, 
chlorine is evolyed as a gas <■ 

HOCl + HCl = H,0 + Cl^. 

Under other conditions, bleaching powdoy can/^e made to evolve 
oxygen. A convenient method of pAparing oxygen gas in the 
laboratory is fo drop a little cobalt chloridb solution on to bleaching 
powder. 'Ihe free l^me present in the lajtter liberates cobalt 
hydroxide, which catalytically aids the production of‘oxygen 

= CaCi, + 0. « 

y O - 

Analytical 

( 

The comparatively volatile compounds of calcium impart a 
red col 9 ur to a Bunsen flhme; non-volatile salts show the same 
effect if moistened with hydrochloric acid, calcium chloride being 
' G.*Lvmfre and R. Sohooh. Ber. 20 (1887). 1474. 
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volatile at the tomperatu'e ill (^iiestlbn. The spectrum dt such a 
flame consists of a*larg 0 j.iumW of lines, mostly r^, yellow, Jind 
green ; there is also one une in the violet,* but it if difficult to seej 
Aqueous solutions oi^ calcium i^lts are not precipitated })y 
hydrogen sulphide, either krJaoM or ammoniacal solution, nor Jiy 
ammonia in presence of amrjoniutn chloride. In this# rgsipept 
calcium is distinguish^! and separated from the heavy metals. 
On the other hand, calcium is precipitated from an ammdSTiaoal 
solution as oxalate by means of ammonium oxalate, dSfqriftg in that 
respect from magnesium and the alkali metals. ‘Two other metals 
of this group, strontium and barium, are thrown do^yli with calcium 
as oxalate, and the separation of these three very sjmilar elements 
is "SomewTiat difficult. Probably the best method of separating 
strontium and barium from calcium depends pit the fact that the 
nitrates of the two last-named metals are practically insoluble 
in a mixture of alcohol and ether, whereas calcium nitrate is dis¬ 
solved by such a liquid.^ 

Other methods for freeing calcium from the two other metals 
are alsd based upon tjie* difference in solubility of thp nitrates. 
StrontWm and barium nitrates are practically jnsolublo in concen¬ 
trated nitric acid,^ or in boiling amyl alcohol,’ while nitrate of 


calcium can be dissolved by cither of these liquids. 

Having obtained a solution of calcium free from other mctalk, 
it isjjossible to precipitate the element as oxalate by the a^lditidn 
of ammonium oxaktc to a solution containing exce.s.s of ammonia. 
Jhe precijittate is washed with dilute ammonia solution, and dried. 
It can be heated gently and so converted fo carbonate, in which 


form it is weighed. Alternatively, it»can bo ignited strongly, and 
weighed as oxide. In the first case, it is difficult to prevent a slight 
conversion of carlii^nate to oxide ; in Hie second, it Is troublesome 
to bring about a coiiipleteJcoBversion. For this reason, the washed 
oxalate precipitate is freqqpntly not weighed at all, but is redissolved 
in sulphuric acid, 'and the aqiount of oxalic acid liberated is deter¬ 
mined jolupietrically»by titration with pef.Panganate. ^ 

If a gravimetric method is required, it is preferable to estimate 
the calcium as sulphate, widen is practically insoluble in a solution 
containing npich alcohol, althpijgh quite |{«rceptibly soluble in 
water. Sulphuric acid is added to the solutior/, if not already 
present, and then three or four volumes of alcohol; .after standing 

. • ’ • t 


' Sir W. Crookes, “ Select Jlethoofe in CheiBicak Analyse ” (Longmans), 
1905 Edition, p. 46. ^ » 

" F. P. TreaiJwell, "Analytical Chemistry"; translation by W. X Hall 
(Chapman* Hall), 1913 Edition, Vol. 1, p. 441. 

• P. E. Browning, Amen J. Sci. 43 (1892), fO, 314. 
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for twelire hours, the precipitate Yah be filtered off, washed with 
alc^ol, dried* ignited and weighed as c^lciuifi sulphite. 


TerRESTBIAL '(iCfSCfB^ENCE 

•uaF.cium occurs in very large quantities in .Vniost all intrusive 
igneous rocks, being most plentiful in rofcks of “ intermediate ” 
composition. , The. pomplex silicate * 

Plagioclaso felspar . . wNaAlSijOg + jnCaAljSigOj 

t, 

as well as augite, hornblende and innumerable other silicate- 
minerals, contain calcium as an important constituent. 

By the weatliering and dissolution of such rocks, calciTim comes 
to be a'c\instituent of practically all running water. The “ hard¬ 
ness ” of ordinary river-water is mainly due to the dissolved salts 
of calcium. 

By moans of the rivers, calcium fin'b its way to tlfo sea, but is 
largely taken up torfo/m the hard parts of such marine creatures 
as coral, foranVinifera, erinoids, and varioflJ jhell-fish. The e.sscntial 
constituent of sea-»hell is calcium carbonate, which occurs in two 
separate cry.stalline forms, the hexagonal “ calcite ” and the rhom¬ 
bic “ aragonite.” 

• By the consolidation of such remains formed in past geological 
ages, beds of 

limestone .... (iiCOg 
have been produced. Limestone varies very much ilf character,, 
according to its purity' and pjist history ; the white chalk of the 
South Downs, fi^tr instance, ii# very different in appearance from the 
black limestone of Flintshire. Of .special interest arc the “ oolitic ” 
limestones of Juras.sic age, ^pade up of innumei^le rounded grains 
adhering together, like the roe of a ‘this structure is .supposed 
to be due to the action of currents in the jea in which the calcareous 
deposits were laid down ; the currents.broke up t*ho shells, or coral, 
into smajl fragments,* each fragment forming t;ho nucleus oLa grain. 

The formation of limestone is •'ffill going oji; probably the ooze 
now being produced ftt the bottom/)! the Atlamtic Ocean (consisting 
largely of minute fosaminiferal /tells) will one day, harden to a 
limestone. ' 

Mofet limestones have undergone many changes since the day 
^hen they were formed. AVoter containing carbon dioxide has 
dissolved the «alcium carbonate it sonfe points, and deposited it 
at others where the conditions were favourable. Thus all limestones 
have jJecome nvore or less recrystalfized. The older liftiestpnes have 
aJso undergone many alterations owing to earth-movements, and. 
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where igneoustint^ions ha'^ passed near a limestone, the rock 
has usually Jjeen compleltely recrystallized by the he&t. , Where the 
original limestone was a jvure one, the only action of the heat hal 
been a conversion to erystalKAe 'limestone, or “ marble.” But 
where the original lim&toij? contained impurities, new minerals 

such as the calcium silicaW, « • • ^ 

» 

, Wollastonito . . . CaSiOj » * 

are generally feund in the altered rock. * . ' 

Where waters containing magnesium salts have passed through 
a layer of calcium carbonate, either during or aftcj'thc time of its 
consolidation into limestone, the calcium is partly replaced by 
rnagnesium, forming 

Dolomite . . . . * (laCOa.MgCOs, 

m 

or even, in extreme cases, as in Styria, 

* Magnesite . . . MgCOj. 

These changes have J^lycady been referred to. ^ Where w'atcrs 
containing iron penetrate a similar bed, iron replaces t-he calcium, 
forming beds of ironstone, which contain the Iron carbonate 
Siderite .... P’eCOs 
as well* as (or instead of) calcium carbonate. Usually, throi^h 
later changes, the ferrous carbonate is largely oxidized to fea-ic 
oxiSe or hydroxide. 

. On iiro«unt of the removal of calcium from solution to form 
shells and coral, there is comparatively liftle accumulation of the 
metal in sea-water. Nevertheless, !(vherc evaporation of the sea 
has taken place, dejwsits of calcium sulphate occur in the .salt-beds 
produced. Botly ’ 

Gypsum " ... CaS 04 . 2 H 20 

and , • ' 

Anhydjite CaS 04 

are found in the salt-beds of Stassfurt. Gypsum is also found in the 
Triassio deposits o^fho English Midlands. * 

There are several other calctym minerals which arc of importance. 
The fluorifte * • , 

Fluorspar .... CaFj ' 

occurs as fine cubic crystals in veifis and pockets in limestone. It 
has evidently been deposited 'through* th« actioli of waters (or 
perhaps vagours) containing fluorides, which have ascended from 
the intawor of the earth •, as tlie same waters,ofte«i carry iwd and 
zinc in solution, it is frequently associated with the ores of these 
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metjils. ^ The crystals are oiten cofoured blu? John), and 
sometimes ^edf The blue colour is believrfi to be due to bituminous 
matter, but theired—at' least in some'caais—is caused by traces 
of a rare-earth compound.^ ' '' i 
In addition, various phosphate smtefials containing calcium 
ocijui’anSarge quantities ; some of •ihdm, like • 

• »„ Apatite . . . Ca!^'j.3Ca3(POt)„ 

are of mineral*origin, whilst others, c.g. coprolite, afro derived from 
animal remains. Deposits consisting mainly of calcium phosphate 
with a certain amount of carbonate occur in Florida, Algeria, Tunis, 
and in the Pacific Islands ^; these are of great economic importance 
in the manufacture of fertilizers, but their importance lies, of course, 
in their‘pfiosphorus-oontent, not in their caloium-contcnt. 


TEOHNOLOOY ANU-fiJSBS ' 

Limestone is the law material from w.hich are derived ijiost of 
the important substances containing calciilm. But, quitq apart 
from this, it has itlelf a great technical value. Many kinds of 
limestone have considerable importance as building materials. 
Less compact varieties are useful in metallurgy for •addiii]^ to the 
furnace charge, cither in order to make the slag more fusible (as in 
the smelting of a highly siliceous ore), or where a slag of a distinttly 
basic character is demanded by the requirements*'of the process (as 
in the basic steel propess). Limestone is likewise employed in 
glass-making, being the usual form in which calcium is added to the 
glass mixture. « ' 

Quicklime (IJaO) is produced by burning limestone in kilns by 
processes ^ similar to those dcC-cribed in cor\jnection with the burning 
of magnesite. Both continuous and inhrrnillent kilns are used, the 
former being naturally more economical offuel. As in the burning 
of magnesite* it is possjMo to classify the kilns ^nto lomj-flarnc kilns 
provided with an external grate, and short-flame kilns ii^'iSch the 
fuel is introduced along with the limestone into the shfft; in the 
second typo the lime is contaminated, with the ashes. Coal, coke, 
wood and produper-gas arc all Employed as fuels different 
plSces.j 

The dccopipopition of limestone proceeds less readily than that 
of magnesite. As pointed out in th§ theoretical section, the decom- 

> C. Gr Garnett, Trans. Chem. Soe. 117 (1920), 620. 

* W. Eackard, J. Soc, Chem. Ind. 40 (1921), 288r. *• ^ 

’ See'’K. B. Dafioastor, " Limes and Cements ” (Crosby Lockwood); B. 
Block, " Das Kalkbrennen im Schachtofen mit Mischfeuerung ” (Spamer). 
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position of calcium carbonate in thJi presence of carbon* dioxide 
at atmosphAic pressure ^nly takes place above 81^° C. In rqost 
modem kiln's, the temnerature obtained •exceeds, that'value.; a- 
temperaturo of 1,200'’ A is oft,ep jeachod in the “ short-flame ” 
type of kiln. It should* iKnleVer, bo remembered that owing,to 
the draught in the^ kiln, the paij^tial assure of carbon dio«id# will 
generally be far below 7C0 mm., and the decompo.sition may proceed^ 
therefore, ewn where the temperature is below 812'’ C., the Carbon 
dioxide being carried off as quickly as it is formed. * . * 

The quality of lime depends largely on the limtstonc from which • 
it is made. If the limestone is impure, a lime is produced which 
is said to be lean, since it will not combine with watjr so easily as a 
pure or fat lime. The best lime is “ amorphous ” in appearance, 
and combines readily and completely with Witter, crumbling to 
powder and forming slaked lime or calcium hydroxide. But if the 
lime has been hoativl too strongly, it niiiy become scrai-fused, and 
forms a compact substan'^r^ which only jeacts with water very 
slowly; such lime is said to be dead-burnt. This undesirable con¬ 
dition ft produced in pure'lime only at very higirteipperaturcs, 
such a^are never obtained in a lime-kiln ; but in the piusence of 
impurities, such as silica or alumina, the softening-point is con¬ 
siderably reduced. Limestone containing clayey material (alu- 
minium»silicato) gives a lime {Hydraulic Lime) which “ slakes*” 
onlTjwith difficulty, but which when mixed with water, sets in a feW 
days to a hard mass. It can be regarded as a variety of cement 
.and is quift; useful in mortar and cement mixtures. 

On the other hand, extremely pure lime'?! required for chemical 
purposes, and especially for the manSfacturc of beaching powder. 
A very pure lime derived from the limc.stonc of Buxton (Derby¬ 
shire) is employe^ considerably by tlie chemical raJinufacturers of 
Lancashire and Cheshire.* ^ 

The reaction between J)me and water causes the evolution of a 
great deal of heat' and tiros have arisen through the acc«S3 of water 
to placBswhere quiokUnie is stored. 

AlthoiTgh much o^ the quicklime produced is converted into 
slaked hme by hydi»tion with water, it is used for certain purposes 
in the anhydfous condition. Jt is still omplqyed in hning furnaces, 
although fdf this purpose calcined dolomite or lAagnesito is mose 
suitable. It is also used as one of the raw materials in the Inanu- 
facture of calcium carbide. » • * • > 

Slaked lime is obtained by 'the action of watef on quicklime, 
which is usually spread over a floor to the depth of a fo6t, and 
sprinkle^^wifli water from a ho'se. Much heat,is evolved, emd the 
mass at first swells up, but finally subsides again. Towards the end 
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of the process the material slioulc). be mixed up, so as to ensure 
uniformity of ,eomposition. ^ ' ' 

. Slaked hme the cheapest alkaline .hydroxide known. It is 
usgd, for this reason, in numorofip chempal operafions. In the 
Solvay soda-process, for instance) li employed to liberate 
ar^m^^nia from the ammonium ch|ontie which remains after the 
precipitation of sodium bicarbonate. Slaked lime is moreover used 
in making sodium hydroxide from sodium carbonate. In numerous 
chemical ■and''metallurgical processes, aqueous sohitions of salts 
are frged from iron, a most common impurity, by the action of lime, 
the iron being 'precipitated as the insoluble ferric hydroxide. It is 
also used to al/sorb noxious acidic substances from gas-mixtures. 
The dilute sulphur dioxide formed by roasting sulphide ores 
(especially'zinc-bldnde)—which is often too dilute for conversion 
into sulphuric acid, and yet too strong for discharge into the air— 
may be absorbed in “ milk of lime,” calcium bisulphite being the 
product. Coal-gas is also freed from^ertain impurities, chiefly 
carbon dioxide, and to a lesser extent hydrogen sulphide and 
carbon displpKide, by means of lime. Slany organic acids are 
isolated as the calciu'm salts ; thus lime is used to absorb the vapours 
of acetic acid in the manufacture of that substance ; again, in the 
preparation of oxalic acid by the oxidation of sugar o^', cellulose, it is 
precipitated as insoluble calcium oxalate by the addition Of lime. 
Lhne is furthermore used in water-softening, to convert the soly.ble 
calcium bicarbonate to the insoluble carbonate. ■ 

In most of these cases the slaked lime, being somewhat insoluble, 
is added as the suspension in water, known as milk of lime. 

Apart from th/i examples just given, a large quantity of specially 
pure slaked lime is used in the manufacture of bleaching powder. 
Much of the chlorine obtained from the elcctrqiytio alkali-works 
is absorbed in dry slaked lime with the {production of that substance. 
A little is alsv absorbed in hot milk of finjp, in which case calcium 
chlorate is obtained; this is actually the first step in one process 
of making potassium'chlorate. < 

Manufacture and Uses of'--Metallic Calcium.^ Metallic 
calcium is now produced industrially,jin more than one'country, by 
the electrolysis of fused, calcium chloride. Calcium flucsjde or other 
saits are sometimes added to reduce the melting-point, but it is 
stated tlfat thg best results are obtained with pure calcium chloride. 
The essential condition for success is that the salt must be perfectly 
anhydrous; it is usually heated with ammonium chloride before 

’ P. H*. Brace, IJrans. Amer. JSlectrochem. Soc. 37 (1920), 405'; Met. 

25 (1921), 153. ' ' 
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Tise ; one authQrity^recomnien|l8*treatment of the fused sal( with a 
little^metalhv calcium before electrolysis is begun. « ^ 

Electrolysis .is usually oarried out in a’graphite i)ot*(Fig. 13),' 
Sometimes the bottom i6Wter-o(A)l<!d, which allows a crust of solid 
calcium chloride to formf’af lie ’bottom and round the walls, tlms 
minimizing corrosion. The tfaodcs, A, are vertical graphifts piatss 
immersed in the fused ‘calcium chloride. The metallic cathode, 
is hollow and water-cooled internally, and is cguvioctgd to a'lnech- 
anism—electrically driven- which allows the cathode to !)e slowly 
raised during the electrolysis. At the commencement of the run. 



Fia. 13.—Electrolytic Production of Calcium? 


the catl|gii» is in confact with the surface of'the fused bf^th. The 
metalUc calcium produced on th» cathode by the electric current 
quickly solidifies owmg to tho,looal cooling,* and as the calcium 
is deposited the cathode is slowly raised at sjich a rate that a con¬ 
tinuous stick of soUd calcium is built up, the boftom of the stick 
being always just in contact with the fused bath. « * 

Owing to its great affinity for osygen and sulpRiu-,’calcium & 
sometimes added in small* quantities to yarious mdtals and alloys 
before casting, to remove the last traces of these objectionable 
element^,, In addition it is sometimes added to le(),d as a "Jiard- 
ener.” Owing to the avidity with which calcium reacts with 
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mo^ture, it is used as a dehydratlnj' agent in organic chemistry, 
and it has-been recommended for use in trdescope tubes, to prevent 
f'the condensation of mofeture on the leirser. 

- ‘Manufacture of Bleaching (Chloride of Lime). 

The reaction between chlorine and liVne to form bleaching powder 
is'a ^ery simple one, but several difficulties havb to be faced when 
li; is QS.rried out on an industrial scale. A great deg-l of heat is 
developed duB’.ng fllib reaction, and if concentrated Qhlorine gas were 
allowed to act uppn fresh lime in a confined space, the temperature 
would rise so high that chlorates would be formed. The poisonous 



aature of tfae chlorine introduces further difficulties, and the old 
‘ chambe,r process,” if! which workmen were sbnt into a gi^jmber to 
ffiovel out the bleaching powder fvhich lay upon the floor, must bo 
itrongly condemned. • At the sam^ time, the leplacement of such 
i crude and unhealthy method, by the modem mechanical process 
vhich delivers thfj bleaching powder automatically into' drums, has 
lot bebn easy^ because the corrosive nature of the chlorine tends to 
itetroy thd metallic portions oithe moving parts of the absorption 
plant, and thus* renewals qf an exptjnsive? character may frequently 
le necessary. However, the plant shown in Fig. 14, whilst not 
sntire^ free fropi these defects, has'given considerable satisfaction. 

The plant consists of a ipimber of horizontal cylinders, each con- 
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' taining a rotating shaft fitted',with blades, which serve to’stir up 
the powder jying on the bottom of the cylinden and at Jhe 
^ same “lime to work it ^Icr.g from one; ertd to the otlJer. The • 
'lime enters the top cylind v A. ch', .ajgh the hopper H, and is workad 
along the cylinder until at.thte' j 0 into the cylinder B below,; 

it is then worked ajong the Urg^n of B until it falls into theoest 
cylinder C, and thus passes through the series, until it finally falls, 
out through Z directly into casks, being by tlpi^ tim completely 
converted to bleaching powder. The chlorine which Ibidngs about 
this conversion passes in at the lowest cylinder,‘F, and traverses 
the series of cylinders in the opposite direction to. the lime. In 
this way, ^he concentrated chlorine meets with liraf. almost com¬ 
pletely converted to bleaching powder, and .serves to conmleto the 
conversion, whilst the weakened chlorine whicfi feaches ^he upper 
cylinders passes over fresh •lime, which is an active absorbent and 
reduces to a minimum the amount of chlorine in the ga.ses emerging 
from the top cylinder (A). , , 

This system by which the two substances whilfch have to react are 
sent through the appanatusln opposite directions is'ofUsn known 
as the counter-current principle and is of very general application 
in manufacturing chemistry. 

Strength of Bleaching Powder. If bleaching powder con^ 

sisted of pure the whole of the chlorine would be evolved 

when treated with acids, and thus the content of “ available chlor- 
fne woiild be .55-9 per cent. If it consisttjj' entirely of the hemi- 

hydrate 2Ca<^^j^*.HjO, the content \w)uld he r)2-3j)er cent. But 

since bleaching powder always contains free lime, freejnoisture, and 
traces of calcium Carbonate, chloride aiid chlorate, the content of 
available chlorine always'fails below this number. Thus an ex- 
cepti mally good'sj^mple prepared in Lunge’s laboratory contained 
43 per cent., while a commercial bleaching jiowdt^r is Considered 
satisfacti -y if it contains Sf) per cent, to 37 jicr cent. ; thcamount 
ot non-available chlorine present a* chloride and (diloratc is usually 

betw'cen 1 pdr cent, and 3 per,*nt. * 

Bleaching.,powder keeps fairij-, well in tm’npcrate climates, if 
stored in metal cans ; it decomposes very qiiickty if exposed td 
moisture and carbon dioxide, the j'ate of decompqgition Iieing 
?reatly increased by sunlight. A “ 36 per cent, bleaching’powder ^ 

T* -n ^^’otit 28 per cenf. in a^ear under favouraSle conditions ; 

A wiU lose ite strength far more quickly if it is improperly p&cked. 
in warm,olimates, moreover, the decompositiqp is. always much 
jrea i,r, in Egypt, “ 11 per cent, bleaching powder is still re- 

M.C.—VOL. II. •• 
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gardedW a good quality.^ Evendi^this country, bjeaohing powder, 
w^en boughtj^in small quantities, often shows'a very’poor content 
. of availaftle chlorine ; this is due to inappropriate pack'ing. Lleach- 
ipg powder is rendered more stabje by th^ addition of free lime, but 
fpr this very reason it is renden d Isssiieffettive as an oxidizing agent. 
, I^eaehing powder is still uSed in Keaching, although less univer- 
^ sally than was at one time the case. One (objection to it is that the 
solutiDii is not clear, but contains suspended lime or calcium car¬ 
bonate f sodium hypochlorite is now often empleyed in its place. 
The,bleaching of'wood-pulp is commonly carried out in an acidified 
solution of Mpaching powder, although the bleaching of cotton is 
conducted in,a distinctly alkaline bath. 

Chloride of Unie is largely employed as a disinfectant, and in the 
sterilizafion of witer-supplies, especially in America. The presence 
in water of a quantity of available chlorine less than one part in a 
million acts as a safeguard against the presence of harmful living 
bacteria ; the addition of chlorine te Water will not prove in any 
way objectionable (ir harmful so long as the proper quantity is not 
unduly exce6ded. It seems probable that the really active con¬ 
stituent is hypochlorous acid (HOCl), which is present t6 a small 
extent in ordinary solutions of bleaching powder, owing to hydro¬ 
lysis, but which is only liberated in large quantities on acidification. 
In disinfection and sterilization, it is customary to rely' upon the 
'accidental presence of carbon dioxide to liberate the hypochlorous 
acid. Bleaching powder having a marked alkaline reaction is 
sometinies added, with the intention of sterilization, to waters 
which are already appreciably alkaUnc ; such a practice appears 
somewhat uns^atisfactory.^ c 

Another use of bleaching powder is in the process of rendering 
wool unshrinkable. The wool is first steeped in a bath of dilute 
hydrochloric acid, and then in a bath.^ontaining bleaching powder ; 
it is finally, treated with a sodium brsulphitc solution, to destroy 
the residual chlorine. The concentration of the first two baths 


requires careful oon'j;ol, since, if it is too High, the fjj^s become 
damaged. It is stated that mvph less damjfge would be caused if 
boric acid were used in the placo^of hydrochioric.® t 
Bleach-Uqitor is formed by passjhg chlorine gas through or over 
/:old milk of Ume. It consists of a mixture of calciunl'hypochlorite 
and‘chloride, with some free lime, and has therefore the com- 
eposition of & fcloudy solution pi bleaching powder. It is, of course, 
less suited fort transport than the.'solid aiaterial. 


’ T1 Rettie, J. L. Smith anti J. Ritclye, J. Soc. Chem. Jnd^Z7 (1918), 311t. 

* See E. K. UideoJ and U. R. Evans, J. Soc. Chem. Ind. 40 (1^21), 64il. 

* S. R. ’frotman, J. iS’oe., Chem. Ind. 41 (1922), 219t. 
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'^'^Superphosphate. Another important calcium compound, is 
the s^Juble ivcid phosphate known as “ superphosphate of lime.” 
As is well known, plap.ts require phospBates for their growth.' 
Whenever plants (e.g. g'a.“s) are consumed as food by animals, 
phosphates are removed wolri the soil. Since, therefore, the soiUs 
continually being impoverisbed.in ti'.ese salts, it is necesfeai^^ to 
renew the supply from Without. Calcium phosphate, which forms, 
the ash of the bones of animals, and occurs in#4eposj^ts of animal 
origin such as ghano and coprolite, would appear to bb the most 
obvious material in which to return the pho.spfiorus to the* soil. 
Unfortunately, this form of pho-sphate is practicaHy insoluble in 
water, arnl cannot be taken up quickly by plants. The .same 
apiSlies to the phosphate-fluoride mineral, apatite, and nmt other 
naturally occurring forms ^of pliosphatc. No'd'oubt by the con¬ 
tinued action of water, atmospheric oxygen and carbon dioxide, 
the mincraks would be conv^erted into some soluble phosphate, for 
it wa.s in this way that phos^shates origiiialiy came to exist in the 
soil; but such a process ii^too slow for modern agricultural require¬ 
ments. A need, therefore, ’exists for the conversion at calcium 
phosphate into some rather more soluble form of phosphate. 

Now just as calcium carbonate (CaC 03 ) is insoluble and calcium 
hydrogen carbonate (CaHjjCOjja) soluble, so, whilst normal 
calcium phosphate [Ca 3 (P 04 )j] is insoluble, there e.xksts a calcium 
hydi»ogen phosphate, UaH 4 (P 04 ) 2 , which is dissolved compawtively 
readily. The metBod of preparing this acid phosphate is very 
simple. Ihe phosphate mineral, containing normal calcium 
phosphate—or jiossibly a basic phosphate is treated with fairly 
concentrated sulphuric acid (specific gfavity, 1-6), when some such 
reaction as 


Ca3(P04'^‘4 + 2 H 4 SO 4 - CaHf(P 04)3 + 2 CaS 04 
will occur. The mixture of ^iluble phosjihate and calcyim sulphate 
(!onstitutcs coiiiinwrcial “ superphosphate.” 

The raw material, vdiethoi' it consists of b.^ic-ash, coprolites, or 
-- as is fitiquently the case—phosphate rock from Florida &r North 
Africa, must-be ground to fine powder betwocp rollers or in a ball- 
mill. The powder is then mix»a up with acid into a paste, which 
IS dischargedtlnto a “ den,” or firlbk chamber, designed to prevent 
the undue escape of heat. Here it remains for 24-36 hours, the 
temperature rising considerably (^■obably to or eveik 

mgher), as a result of the,react'on. Any carbonalps or fluorides 
in the raw materials are decomposod, earUon dioxide and hydrogen 

burpTb:wr 3 CadP 04 “.ra;bHT 4 ^ phosphorites,btc., fs not Ca,(# 04 )., 
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flupride being evolved in bubbled silicon fluoride also is often 
found in ^tha gases evolved. Finally ^rthe whole mass st;iffens, 
'possibly because calciuA sulphate absorW water, bping converted 
t<J the hydrated sulphate (CaS'(^j.2H20^. When this stiffening 
has occurred, the material is^akenU)ht and dried. Good super- 
piioifphSte is highly porous, and ne doubt muclv of its value is due 
*to the large surface which it presents to the solvent action of the 
water in, the ,soil. >- < ' 

At some' superphosphate works, where a raw “Inaterial rich in 
fluorine is used, the gases evolved are employed in the manufacture 
of fluorine compounds. 

Another form in which phosphorus is added to the toil is the 
so-ealled,,Basic slag from the steel-works, which may be regarded 
essentially as a mixture of silicate and phosphate of calcium, 
although several other metals (iron, magnesium, aluminium and 
manganese) are present. If the slag is ground very fiuely in a ball- 
mill, it can be added toi'he soil without, further treatment and formi: 
a valuable sopree of phosphorus. It is,4issolved by water more 
slowly than superphosphate. A very large quantity of basic slag 
is produced in European steel-works, esj)ccially those of Germany, 
where most of the iron-ores contain phosphorus ; this phosphorus 
ipust be completely eliminated in the slag if the •.steel produced 
from such an ore is to be reliable. It is customary in Germany 
to valve the slag according to the amount of phosphate soluble in 
citric acid. This method of estimating the Aluo has, however, 
come to be discredited in this country.* Much of the l^asic slag 
coming from English Seel-works has very little phosphate soluble 
in citric acid, {.nd yet experiments have shown that this slag, if 
finely ground^ is extremely beneficial to the soil. It is probable, 
therefore, that the. citric acid test is of little uso,^and that the total 
phosphate content of the slag gives ai^betb^r idea of the value as a 
manure. Tfie cause of the comparatively low solubility of English 
slags in Citric acid is Aue to the preswice of fluorine. Fluorspar is 
commonly used at *lnglish steel-works, aAd the sla^ij»,produced 
contains the phosphorus in Kie ^prm ofc crystals of apatite, 
CaF2.3Ca3(POi)2, a A'ather stable^pmpound fenly slbwly attacked 
by citric acid.^ Onticcount of i\^ stability, apatite is father slowly 
decomposed when placed upon the soil, and consequently the slag 
is ac^uall^ s^^tly inferior as j, fertilizer to the fluorine-free variety, 
1)ut nevertheless gives quite good results if time is allowed.^ 

• • . • 

‘ D.*A. Gilchrist and H. Louis, J. Soc. Chem. Ind. 36 (1917), 281 ; G. S. 
Robertson, Trant. Faraday Foe. 15 (1921), 291. *■ 

* ^ee F. •Baiifbridge, TrariH. Faraday Foe. 16 (1921), 302. 

• E. J. Russell, Trans. Fitraday Foe. 15 (1921), 282. 
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During the v#ar, practically'ifthe whole of the basic slag {Produced 
at st^l-woi^s in this cqiintry was ground for agricultural i^eA 
The farmer has indeed!,,grown to depend on the steef industry* 
and the decline of the st el output which has followed the termina¬ 
tion of the war—togetheWwfth the e,<tending use of fluorspar, which 
is prejudicial to the fertiliziilg ^[uality of the slag—is a scfm»what 
serious matter for Brifish agriculture.^ , 

It has been stated that even mineral phosphiit*, noj treated with 
sulphuric acid, has a beneficial effect on pasture land, if only it bo 
ground sufficiently finely. 

Calcium Carbide (CaC.J. When calcium oxide is heated to a 
very higl» temperature with carbon, calcium carbiefc is formed by 
the reaction 

Cat) 4- 3C - CaC.j 4- CO.* 

Tbe rcactioij iiu'olvcs tlm absorption of a very large quantity of 
heat, and, like so many otbej endothermic changes, rc(|uire.s a very 
elevated temperature. (^Icium carbide is in fact one of the most 
endothermic substanc@.s manufactured on a connnemual scale. 
Up to Ihe time when the introduction of the flectrie furnace pro¬ 
vided an easy means of reaching very high temperatures, its exist¬ 
ence was scarcely known. 

Actually the reaction is a balanced one 

. Cat) -b 3C CaC^ -t- CO. 

.At anj giten temperature, there is a definite pressure of carbon 
monoxiife corresponding to equilibrium. *The change will take 
place from left to right until the pre;fbure of carbqji monoxide has 
reached this equilibrium value. At low temperatures an extremely 
low pressure of ctP’bon monoxide is sufficient to stop further change. 
Even at 1,47.'>°(!. the cqui|ibrium pre.ssure is only 0-82 mm. of 
mercury. But at 1,840\C. it reaches one-third of an* atmosphere, 
and at 1,920° C. if becomer ^'qual to one atmosphere. .Aliove this 
temperf^ture, which i i easily reached in thg^ electric furnace, the. 
formation of calcium carbide \^ll jirocoed apace. It may be 
remarked, however.,, that a nigher temperatwre than 2,000° C. is 
not desirable^ since the carblli(i becomes (j^ecomjiosed to carbon 
and metallic*calcium, which distils away.“ • , 

A carbide furnace consists essentially of a steel tjink lined with 
refractory material containing the charge of lime hnd •anthraeifie 

‘ J. Soc. Ghent. Ind. 36 (1917), 94''7, • * 

“ Sir A. D. Hall, Trans. Faraday Soc. 15 (1921), 283 i Sir T. H. Mifldleton, 
Trans. Faradaf Soc. 16 (1921), 27,5.' • 

' M. d#K. Thompson, "Applied Electrochemistry” (Jjaomillan),*Chap. 
XII. See also M. de K. ThompTOn, Met. Cheih. Eng. 8 (1910), 279, 324. 
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co^. ' fnto this dip three stout ehrflon electrodes ((often a foot or 
more in diameter) suspended from abpve, which aye connected 
to a source of three-jfhase alternating ffarrent. J^he extremely 
strong current passing betweesn lljem keups the temperature very 
high, probably about 2,000° C./and ca'liiiu'm carbide is formed in the 
raolton'"condition. Fresh lime aivd ioal are added from time to 
((time, and a portion of the carbide is run out'through a tapping-hole, 
perhaps every 46. minutes, into a tray, whore it quickly sets to a 
slab. ' 

The problem oi the tapping of carbide has constituted the main 
difficulty in the manufacture. Calcium carbide is very viscous 
just above its (melting-point, and only becomes really fli^d at very 
high temperatures ; conscq\icntly there is a danger of the tappihg- 
hole becoming choked. It is said that the prcsenco of excess of 
lime increases the fluidity of the carbide.' The difficulties connected 
with tapping have now been solved almost completoly. 

The action of the cv’mmt is simply to heat the charge to the 
necessary temperatrlro, which cannot be jeached in any other way. 
There is bo electrolysis, and therefore an 'alternating current can 
be used. The elecirodes, which are red hot far above the top of the 
charge, are gradually eaten away ; the provision of fresh electrodes 
is an important factor in the cost of carbide production. 

The material obtained from the furnace is broken intS lumps, 
and packed in drums. As usually produced, it is a greyish 'sub¬ 
stance, which becomes incrusted with lime whob exposed to damp 
air. Owing to the fact that the large amount of energy qeeded to 
bring about the formation of this endothermic substance is intro¬ 
duced in the form of electHcity, the manufacture of carbide is 
mainly confined to places like Niagara where water-power is avail¬ 
able for the cheap generation of electrical enei^y. It seems un¬ 
likely that the production of carbide lyilf become successful in-thic 
country, ‘ allhough carbide has been manufactured on a very big 
scale neai •Cologne (Qermany), where a hard gas-coke is employed 
as the fo’-m of carboi?.? An interesting feature of the prcacoss there 
conducted is the very large (rectangular) cross-section of the 
electrodes employed'; n, *’ ’ 

Calcium carbide is wed in the generation of acetylene gas. When 
water is dropped on to the carbide, acetylene is generated, 

, , « : CaC, + 2H20^= Ca(0H)2 + C^Hj. 

Acetylene is U. valuable illumina.it, bilrning in air with a flame 
which is extremely bright, possibly owing to the presence of incan- 

e ‘ 

^ O. Bingham*; J. Soc. €hem. Ind. 37 (1918), 85r. * 

* A. J. Allmand and E. R/'Williams, J. Soc. Chem. Ind. 38 (1019), 304b. 
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descent particles of unbum^ carbon. The flame of abotylene 
bumipg in ojygen has an unusually high temperature owing tojiiho 
endothermic nature of gas. Consequently the oxy-acetylene» 
blowpipe can be used it welding ‘’teel, and even for cutting iron- 
plates. A considerable qnahfity of 'wbide is now consumed in the 
manufacture, of calcium cyai'iarjido, 

'^Calcium cyanamide (CaN.CN) is made by passing nitrogei? 
over finely ground calcium carbide heated at >,@00'’ IC. JThe car¬ 
bide should not bo too pure, because free lime and othef impurities 
lower the melting-point of the carbide and thus cayse supefficial 
fusion of the carbide grains—a state of affairs which aids the re- 
ao^on wiB) nitrogen.^ The complete reaction can* be written in 
the simple form, 

CaC^ -t N., =.= CaCN., -h C,’ 

hut it is probable' that it really occurs in stages.- Tlic reaction 
as a whole is exothermic.’ ^ 

In the process as carried out at Niagaivt the carbide, crushed 
and powdered until it jpiffesos through a 100-nicsh sieve, is heated 
in small ovens in an atmosphere of nitrogen, which (in*the latest 
plant) is prepared from liquid air. The finely powdered calcium 
carbide is extremely explosive, and has to be handled with great 
care. 'She temperature of the oven requires to be accurately 
reg\jlated. • 

A great deal of cyanamide is also made in Germany, anU, until 
.recently, #ie Scandinavian output was very important. 

Cyana*mide is a most valuable nitrogwrious fertilizer, and its 
introduction helped to dispel the feaijp which had formerly existed 
regarding the fate of agriculture in the day when the deposits of 
Chili nitrate coMe to be exhausted. The compound probably 
decomposes in the soil, yielding ammSnia, which in turn becomes 
oxidized to nitric acid. Tl5o nitrogen can be assim^ated readily 
by the crop only^hen it reaches the latter condition, ^ince both 
change,s occupy time, cyanamide is clearly a .^owly acting fertilizer, 
hut the addition of cyanamide to the soil adds more to the jfbrmanent 
fertility tha^ does g, treatment with the mo^e rapidly acting sub¬ 
stances, such as sodium nitri*^ or ammonium sulphate. 

On a milt^ smaller scale, calciflm cyanamide h(is been used as a 
case-hardener for steel. During the war, the manufactyre of 
sodium cyanide from calcium C’^naraide was cdmjnenced 

* G. Bradig, W. Fraenkel and E.’Wilke, ZKitach. Blektrochem. 13 (1907), 
69, 606. 

‘ See A. J. lUImand's " Applied •Electrochemistry ” (Arnold). 

’ P. EVlch, Zeitsch. Elektrochem. 26 (1920), 466. 

* W. S. Landis, Met. Ohm. Ey. 13 (1916)» 213. 
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America ; the process has been referred to in the section on sodium. 

Cyanamide, can be used in the manufactu#o of ajnmon^ and 
.nitric acid. When heated under pressi/re^in an autoclave with a 
solution containing calcium bydroxide slid sodium carbonate, it 
yjelds ammonia gas, which n^y fie itUo^d to pass out from the 
autoglaro at a regulated rate.' SipcS nitric acjd can bo made by 
^he interaction of ammonia and air in tho presence of a catalyst, 
this provides a njeans of preparing nitric acid from* atmospheric 
nitrogen' by an indirect process. ' 

Nitrogen + calcium carbide —>■ Calcium cyanamide —>• 

. Ammonia —> Nitric acid. 


It is thought that this indirect method will prove, in counlfries whr^re 
water-power is no/, very plentiful, a cheaper method of “ fixing ” 
nitrogen than the direct process of bringing about the combination 
of aerial oxygen and nitrogen by means of the electric arc ; the direct 
jirocess, which has been developed largely in Norway,'may survive 
in places where eleytrit power is exceptionally cheap. It is not 
certain, however, that the production of ammonia from cyanamide 
will provifas cheap as the production by Ihe direct combination 
of hydrogen and nitrogen in the presence of a catalyst—a method 
which has been developed largely in Germany. 


y 


Plaster, Mortar and Cement 


Plaster. When natural 


Gypsum <. . . . CaSO 4 . 2 H.iO 

is heated at a l^w tcniperatui'e, say at 120° C., it loses most of its 
water, leaving the hemihydratc, usually known as 

I^laster of Parfs . . 2 CaiS 04 ./i 20 . 

On further heating at a higher tcrajerature (400°-l ,000° C.^ it 
loses the who'fe of the water, leaving a material wiiich is practically 
identical IiTcompositijin with natural “ ^ 

' Anhydrite . . CaStV 

Artificial anhydrite, however, differs Irom thiv natural mineral in 
possessing a “ feathery ” structure.'and usually con/ains a little 
frpe oxide.2 Tho anhydrous sulphate is often described as being 
dmd-burnt. 

tWhen plaster of Paris is mix^ with water, so as to form a plastic 
mass, it can beimoulded into any f^irm desired, and left to set. It 
very quickly sets to a firm and rigfd mass of interlocking crystals of 
, . ■ 
r ^ W. S. La^jdis, Met. Chem. Eng. 14 (1916), 87. i. 

* Grengg, Zeilwji. Anorg. Chem. 90 (1914), 327. 
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g 3 rpsum, due tp recorabinaticlp with water. The hemillydrate, 
usually.rfmixefi with*some fibrous material, such as Jiair, tow,*or 
wood-fibre, constitutes material foi* plastering thh internal. 

walls and ceilings of livii*g-rooms.* > • 

On the other hand, th| urihyuro.,-s sulphate, when mixed witj) 
water, sets far morQ slowly, bul \jhen at last it does set, a very j;iard 
mass is obtained. Thc*rate of setting is considerably increased if_ 
it is finely ground, and it can then be used as a^orin^-plasfer.’ 

The preparation of plaster of Paris is asually carried out in rauffle- 
ovons, as the temperature requires careful regulation. In Europe 
110-130° C. is usual, but higher temperatures arg‘employed in 
America, although the risk of producing a slow-.set^.ing plaster Ls 
thereby increased. For flooring-plaster, where a high temjoraturo 
is needed, a vertical kiln can be employed, .similar in pilnciple to 
that used for burning limestone; care should be taken not to u.sc 
too high a l^'mperature, or to allow the heating to be too pro¬ 
tracted, as the plaster may then be deprive^ entirely of its setting 
power. An English authority ^ recommends '400-.500° C. 

Whetlier plaster of Bans or flooring plaster is beihg piade, the 
product*is finely ground before being put on thb market. 

^ Theory of Setting of Plaster.^ The setting process is most 
interesting from the theoretical standpoint. In contact with watcr^ 
at ordinary temperatures, gypsum is the stable form of calcium sul- 
phaW', whilst both the anhydrous salt and the hemihydrate are 
metastable,; in other words, they are more soluble than gypsum. 

* Now plaster of Paris always contains a few unchanged particles 
of gypsum which have escaped dehydration. When a mixture of 
plaster of Paris and water is made, the water soon beffomes saturated 
with the heniih 3 ^ 1 rate, and thus becomes siipersijturated with 
res])ect to the gypsum. Therefore crystallization upon the gypsum 
particles occurs, and more h«mihydrate dissolves, so as to keep the 
solution saturatei Consequently, the growth of the gypsum 
crystals continues, and the dNsolution of the (jemihydrauTTparticles 
goes on, until the wliole mass consists of* interlocking.gypsum 
crystals. 

It should be pointed out thjit the fact tha\ the crystals which 
have grown.put from different*n*iclei do, a.s ’a fact, interlock or 
“ dovetail,” probably adds greatly to the strength of the plastef, 
although it has been shown, in the cti^e of metals (Vol. I, Chap. I), 
that interlocking at the boundaries* of the grains is not actually 
needed for the satisfactory cohesion of a granular ^nass. 

^ L. A. Heane, J. Phys. Chetn. 20 (1916), 701. 

^ fk B. Dancaster, " J..imo and Cements ’ (Crosby Lockwood)^ 

^ C. H. Desch, Trans. Faraday Foe. 14 41918-19), 1. 
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yhe Setting of plaster is accompatied by an apparent expansion, 
and consequently, if a plaster-water mixture is allowed tdHbarden 
• in a mould, a very shar^ impression is obt^ed, all tjie indentations 
of the mould being accurately rejjroduoe^. Yet actually, on com¬ 
paring the specific volumes of gj'psunq’iffitfi those of the hemihydrate 
andfvaW, one would expect a contraction to accompany the process 
»of hydration. This apparent discrepancy 'is explained by the fact 
that thj mfvss prceluced through the “ setting ” is porous. The 
crystals grbwing out from different points do not extend uniformly 
in aH directions,'and are possibly dendritic in character. Appar¬ 
ently the crystals growing out from different nuclei meet at certain 
points, and thrust apart one another, thus causing thceexpansion 
of the .whole mass. When setting is complete, the neighbouring 
crystallites arc in'contact at .some points, but not at others ; thus 
cavities exist in the material. 

In the sotting of dead-burnt (flooring) plaster, ^ this apparent 
expansion is not observed, and consequently the mass is harder and 
less porous. It is to be expected that^after the drastic heqting at a 
high temperature there would bo few, if* any, gypsum particles 
surviving which could act as nuclei; hence the slower rate of setting 
is easily understood. 

Various substances can be added to plaster to increase or decrease 
the rate of sotting. One would imagine that, in general, substances 
which,increase the solubility of calcium sulphate would inefoaso 
the rate of setting, and that those that decrease thf solubility 
would decrease the rate ; in spite of some exceptions, 2 .this ruW 
generally holds good. Sodium sulphate is sometimes added to 
strongly burnt'plaster to incf'oasc the rate of .setting, whilst sodium 
chloride is al^o employed as an accelerator. 0^ the other hand, 
colloidal substances—and others which would increase the viscosity 
—generally reduce the velocity of crystallization and act ae r>c- ‘ 
tarders. GKie is often added to retard the setting of plaster, whilst 
alum ai'.ii‘1)orax hav^.a similar effect.* ^ 

Lime'Mortar. AAother composition which is plastic ^^hon first 
mixed but which sots to a hard mass is th6 lime mortar used by 
builders. This consists essentially* of a mixWe of slaked lime, 
sand and water., TK^ setting of mdrtar is a fundameritally different 
jirocess from that of plaster. No hydration is involved since the 
jime is fujl 3 » Ijydrated (slaked) before being mixed with the sand 
and water. According to Desch,’ the hardening process is analogous 

* C. Deeoh, Trans. Ceram. Soc. 18 (1918-19), 15. 

' C.'L. Haddon, J. Soc. Ghem. Ind. S9 (1920), 166x; 40'(1921), 123 t. 

■* C. H. DfiaeWy Tra^s. Faraday Soc. 14 (1918-19), 4. See also C.*"!!. Desoh, 

“ Chemistry and Testing of Cement ” (Arnold), 1911 Edition, page 109. 
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to the eettinf' oS » plastic clay ton drying, or to the hardeiiBig o( a 
silica g<jl; prpbably the particles of calcium hydroxi«ie, which |,re 
of very small j(colloidal^i kze, become boilnd together Iby direct • 
molecular forces such as pre inv(^ved in the union of the particl»s 
of typical “ sticky ” colloidA'^ The ."unction of the sand is simply 
to prevent cracking “ by subdividing the lime into thin ihyprs.” 
Slaked lime shrinks verjl much when it dries, and if the sand were* 
omitted cracks would appear in the mass. After Jthe primary 
setting, further changes may take place in the mArtar, such 
as the conversion of hydro.xidc to carbonate, but this conver¬ 
sion adds much less to the strength of the mortar than is com¬ 
monly supposed. , 

'^Portland Cement.^ Cement is a more complicated ^cbstancc 
than cither plaster or morfpr. Jt consists essentially of a mixture 
of silicates and aluminates of calcium in a (inely powdered form. 
When mixed*with water, it sets to a hard compact mass, owing to 
a hydration process not dis.strailar from that^responsible for the 
setting of plaster. » , , 

Cem^it is formed by* heating an intimate mi^turo of Alay (alu¬ 
minium silicate) and powdered calcium carbonate to incipient 
fusion. The calcium carbonate loses carbon dioxide, and the lime 
producetj react* with the two components of the clay to produce 

the aluminate and silicate of calcium, 

* 

bCaO.SAljOj 

2CaO.SiO, 

Tlicse two substances are produced atjcomparatively low tempera¬ 
tures, but when the particles begin to fuse upon tfio surface, they 
take up further Ihtic and the comjiounds 

• SpaO.AUOj’ 
and SCaO.SiOj 

are produced ; the fiipt of tfieso compounds y considerci^Ty some 
chemists - to bo a solid solution of CaO in SCaO.SAljOj. It is most 
important that this tbrther abso^tion of linje should take place, 
since the compound SCaO.SiOit^the essential component of cement. 
If the chargo’contained no impurities, the superficial fusion needed 
for the formation of SCaO.SiO^ would not take place below 1,650° (X; 
but, owing to the impurities present in ordinary matejials, a burning 
temperature of 1,300-1,350° C..wilf usually suffice to give good 

*. 

» 

’ C. H. Desolt, " Chemistry and Tssting of Cement ” (Arnold); B. Blount, 
" CemenW (Longmans, Green), 1920. • 

‘ E. D. Campbell, J. Ind. Eng. Chem. 9 (1947), 943. 
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cemdntA A typical cement of satisfactory quatty contains the 
thyee compqpnds ‘ ‘ 

' • SCaO.SiOa fa 

. 20ad.Si02 y 

, and SCjiO.ALOS f) 

Tt;e raw materials for cement ^nanufacjure arc essentially 
*’ (J) limestone, as the source of calcium oxide, , 

and (2)kS(jn«.! softW clay {which may be in the fprtn of hard shale 
or soft clay-mud X as a source of alumina and silica. Some naturally 
occurring materials contain both the essential ingredients, although 
not necessarily in the desired proportions ; for instance, chalk marl 
is limestone dlmtaining some argillaceous matter. *' , 

The ^txatorials ,'niist first be intimately mixed, and very finely 
ground, the grinding usually being conducted in a ball-mill. It is 



then “ burnt ’’ in a kiln or furnace. Many forms have been em¬ 
ployed, but tne revolving ^(.irnace shown in Eig^ 1.') has generally 
proved the most suitable.- The long fube A (often more thaij. 2W' 
feet long) is- set at a slight incline, and revolves slowly (1 to 2 
revoluU»«« per minute). The raw materials, which need not be 
previously dried, arc/introduced at H, and'gradually work along 
the tube ; as they approach thf lower end,the temperature rises 
higher and higher. iTho fuel cmjjJoyed is usually powdered coal, 
which is blown in at B by mejM of a fati. At B> the calcined 
npaterial which Low consists of well-burnt “clinker'’’ drops into 
the IcAver tube.C, in which it is cooled by the draught of air passing 
hi the opfositfc direction. The clinker emerging from D is again 
ground in ball-!nills, and i? ready for use.' The cement dust passing 

out with the emergent gases is often led through a dust-catcher, 

< , • 

‘ Af A. Klein, Trans. Faraday Soc. 14 (1919), 14. 

E. D. Boyer, J-. Soc. Ghem. Ind. 37 (1918), 19t. 
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and possibly thiough an electrostatic precipitation plant "with a 
view to*he r|oovery of the potash. , ’ 

Theory of Setting o'^benien|s. Essentially, the s*etting of 
cement is a hydration process sinvlai'to that of plaster. The most 
important constituent of (Isn'.opt, 3 C. 1 O.SiO 2 , if tested alone, com* 
bines with water, setting in 5 hcairs to a strong mass of hydrji.ted 
silieate, containing also some crystalline calcium hydroxide.^ 
The hydrated silicate appears to be amorphous when vgewcjl’under 
the microscope ; *l)ut this may bo because the crystal gfowths are 
of too small a size to bo observed.^ There is no reason to assAime 
that the process is necessarily different from the process of the 
•setting of plaster. < 

tIio other constituents of the cement also combine with water, 
but add little to the practical value of the cement. The silicate 
2 Ca 0 .Si 02 sets so slowly as to bo of little service for the first few 
weeks, whilstHhe aluminate SCaO.AljOj quickly becomes hydrated, 
but the product has little strti'iigth. » 

Some OiUthorities consid<ir tjiat gelatinous silica is the real binding 
agent, q;hieh cements thS constituent grains to one anothew^ This is 
formed—according to tbe.se authoritio.s—by the hydrolysis of the 
silicates (especially the quickly-setting 3Ca0.Si02), and is probably 
of a colkjidal clairacter ; the gel subsequently hardens, just as does 
glue or other organic gel, binding the grains together. The theory, 
as pTit forward, is perhaps a little vague ; but it seems probable, 
from a mit'ro.seopic examination of natural sandstones, that the 
crystalline sand-grains composing those rocks are bound together 
by an apparently “ amoiphous ” form of i^lica, and it is not un¬ 
reasonable to suppose that the same substance raay*aet as a binder 
in the setting of>gements. I 

There has been a considerable amount of controversy regarding 
“Tifliwuechanism of setting ; .s«)me authorities believe that the grains 
become bound together by a colloidal substance, othtfrs by a fine 
crystalline ground-mass. Thb controversy do^s not conctsffftement 
alone, since a colloidal theory of the setting of plaster h<ia found 
many advocates.'' If^ however, We accept von Weimarn’s view 
that even a |el consists of minske crystals, th^two theories become 
practically itlentical—and the (^)l#trovel•8y reduces to a mere dis¬ 
agreement regarding the probable size of the crysfalUno particles^ 
Employment of Cement. Cement may bo enjpfoy.ed mixec^ 

‘ A. A. Kloiii, Trans. Fat^day >.S’or..l4 (1919), ‘A. 

^ H. Le (’hatclior, Trans. Faraday Soc. 14 (1919), 19. 

® 0.#A. Rankin, Trans. Faraday Soc. 14 (1919), 29, 

• * J.TTMihe, KolL Zeitsch. 2S {1919), &2. . • 

* E. Hatschek, Trans. Faraday So<% 14 (1919), 53. 
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with'Sfcnd in “ cement mortar ” ; (5r, with the a«’dition of gravel 
alSo, as “ concrete.” In addition to the older uses hf concrete in 
constructional work, concrete blocks t/r^now manufactured as a 
S,tandard building-material, whilst the fe^ro-concretc type of build¬ 
ing is erected frequently in the centre of jlarge towns. 

Tjie quantity of sand which can ^bo employed in a mixture without 
^ unddly reducing the strength of the materlhl obtained upon setting 
varies rather wi^h the fineness of the cement. Recent investi¬ 
gations'hrfve tended to show that the coarser particles (“grit”) 
of a, cement take little or no part in the setting; the value of a 
cement is dUe to the fine particles (“flour”).* If, therefore, a 
cement consists mainly of flour, it can probably be diluted with a 
comparatively large proportion of sand, and yet produce a sdund 
raateriiff ■'after setting. 

Other Types of Cement. Besides Portland cements, numerous 
other sihceous substances arc found to have setting projierties. 
Hydraulic lime mad*- by inirning argillaceou.s (clayey) limestone 
has already been mentioned ; it can be»employed in cciqent mix¬ 
tures. Various rocks of volcanic origin (known as pu/.zolanic 
materials) found in the volcanic districts of Italy, Orecce and the 
Eiffel, are employed, in the finely ground state, as natural cements. 
They are rich in alumina and silica ; as a rule, it is icecessary to mix 
lime with these materials before they assume good setting pro¬ 
perties but no burning is necessary. Ancient Roman Ceinent 
was a volcanic product of that character, but the name Roman 
Cement has—in recent times—been applied to a product, obtainea 
by burning the “ scptikia nodules ” consisting of clay and chalk, 
which arc four.d in Sheppey and elsewhere ; the name has also 
been applied to materials produced by burning o^ber forms of clay 
limestone. Roman Cement sets quicker than Portland Cement, 
and is still u.sed to some extent for work under water. There* 
sharp distinction between hydraulic limes and Roman Cement, 
whilst ’SnAo of the ^natural cements" produced in America have 
practically the same composition as Portland Cement. ‘ 

Blast-furnace Slag, a bye-jlroduot of tffe manufacture of pig- 
iron, consisting largely of calcium silrcate, has acquireef a very great 
importance in the cehient industry. Almost any blast furnace slag 
luay be used as the source of calcium and silica in mixing up the 
raw material^ required for Portland Cement. But some slags 
can actually be groun^d without further burning, and added to 
ordinary Portland Cement to give the so-called “Iron Portland 

* Compare T. Hattori, J. Chem. Ind. Tokyo, 20 (1917), 1018'; abstract 
J. Soc. CheAi. Ind. 37 (1918)t 59 a. 
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Cement ” whioh^s often stron^r "than Portland Cement undiluted 
with 8la|g.i » • ’ 

Slags from' other mete^rgical industriijs cannot \)e ’used t’oi 
cement-making hs they cemtain suljlhi^es ; the presence of sulphide^ 
greatly diminishes the sti'jjngth of cement. 

The following table, which’ repre.sents a summary of variouf 
analyses quoted by Deseh and others, is intended to give a rougb 
idea of the percentages of the five main oxides ^occurring in th« 
more important ^pes of cements or cement-like materials; thej 
must not be regarded as fixing the outside limit.i between w})icl: 
the composition of the different materials varies. 


. 

^rtland 

Cement 

(English, 

Amorloaa 

and 

German). 

'* Natural 
Cement" 
(American) 

“Purzolana” 
(Italian) 
(without 
:> addition 
of Lime.) 

“ Roman 
Cement ” 
(Shoppey 
or 

Harwich). 

1 

Hydraulic 

1 

(English 

or 

French). 

'blast¬ 

furnace 

Slag. 

CaO 

00-64 

33-.'54 

10-12 

4(i -48 ^ 

j(i3-74 

44-52 

SiOj 

20-24 

22-20 , 

46-48 

17-25 

14-21 

27-35 

AljOg 

* 5-10 

7-12 

"iT-lO 

4-7 

1-7 

I’ 8-20 


2-4 

2-5 

3-11 

9-12 

’ 1-3 

MgO 

1-3 

2-20 

2-3 

2-4 

0-7-1-5 

00-2-.5 


T 


1 E. H. Lewis, .T. Iron tiled Ind. 101 (1920), 111. 
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STRdljrTIUM' 

Atomic weight 87'63 

The Metal 

ovroniium is ine next metal of the group. The properties of the 
element and'compounds are very similar to those of calcium and 
the calcium compounds ; the differences which are observed are 
such as would be expected from a consideration of ttie Periodic 
Table. ’ t , 

Strontium is a white metal, hoavios than calcium, the specific 
gravity being 2'54 ; it is softer than calcium and can be cut with a 
knife. It melts at 800" C. and is ajipreciably volatile just above 
the melting-point. > 

The metah decomposes water with ^iojence, and bui'ns, when 
heated in air, with a bright flame, a mixture of oxide and nitride 
being produced. When exposed to damp air at ordinary tempera¬ 
tures, it rapidly loses its metallic lustre. ^ 

Laboratory Preparation. The metal can be obtained by the 
bleetrolysis of the fused chloride. The device of a gradually rising 
cathode, adopted in the case of calcium, does ilot work well for the 
preparation of strontium, as the metal does not adhere readily 
to the cathode. 1 It A-best to conduct the electrolysis in an iron 
pot which servffs as cathode! a carbon rod being employed as anode. 
The use of a ^e.ssel lined with fireclay or other silicate is detrimental 
to smooth working, as a pon-conducting film ot silica appears on 
the anode.2 

Strontium is, of course, too reactive for separation from an 
aqueowwolution, but when a solutiomof strontium chloride in water 
is electrolysed with'^a mercury cathode, a 'strontium amalgam is 
obtained.^ When this amalgaifi is heated tin vacuo, mo.st of the 
mercury passes off a.s vapour, anc^ the less vok^tile stnintium is left 
behind. But in ordpr to drive^off the whole of the, mercury it is 
ineceasary to h^at the product still more strongly in a current of 
hydrogen ; ^ under these conditions, strontium hydride is formed, 
' which itself decomposes on further heating, yielding strontium and 
hydrogen. ' '. „ ^ ' 

‘ D. L. (Jlaacock, J. Amer. Chnn. Soc. 32 {1910), 1222. ■ 

» K. Arndt and K; Willner, Ber. 40 (1907), 3025. 

’ A. Guiitz and O. Boeder er. Bull. Soc. Chim. 35 (1906), 494, 50.3. 
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Compounds 

Strontium oxide', is formed when strontium nums in 
oxygon. Like ijjiiicklimo, It is a whit* infusible mass ; it combine* 
rather nioi‘o rornilly with than calcium oxide, and the hy-, 

droxide, Sr(Off) 2 , produeca is somewhat more soluble than Hi^ed 
lime ; -the solution is alkMiiie. Strontium oxide has more strongly 
basic projierti(fs than calcium oxide; it is, in c(;*seq.^once^^loro 
difficult to pj-epaio the oxide by heating the carbonate.* If it is 
desired to pre.pt^re strontium oxide from strontium* carbonate, ii is 
best to heat the latter with a little carbon, the reaction 
SrCOa + C SrO + 2CO 
occurring at a comparatively low temperature. 

Salts. The strontium sSlts are closely analogous■ to those of 
calcium, but in general are loss soluble. The chloride, SrCU, is 
very .soluble in water, but not po soluble a.s calcium chloride ; the 
anhydrous salt is scarcely dclique.scent. It is Inoreover insoluble 
in alcohol,* which freely ^isSdlves the calcium compoutid^ several 
hydratcif are known. The nitrate, Sr(N0a)2, although soluble 
in water, is almost undi.ssolved by concentrated nitric acid. 

Strontium sulphate, SrSO,, is less soluble than calcium sul¬ 
phate, ju»t as calcium sulphate is loss soluble than magnesium * 
sulphate. Strontium sulphate is, in fact, practically insoluble^* 
in wat( r containing a little alcohol. It is prepared in the usual 
Wfiy by .nldJlig a soluble sulphate to a soluble strontium salt, and 
c 9 mes down as a rather heavy white precipitate. The carbonate 
and phosphate are other insoluble saltsf (obtained byjjrecipitation. 

The nitride, hydride and peroxide of strontium are prepared 
in the same way ^ the corresponding calcium compounds, which 

tiiey resemhle in general properties. 

■ • • 

Anaiyticai 

The red coloration ihiparted to a Bunsen'llame by strpntium 
compounds can bo used to detect 4he metal. The sample to be 
tested should «be moistened wi^j, hydrochloric acid, so that the 
chloride, a comparatively volatile*cqjnpound, may be formed. 

The spectrum afforded by a flame containing sfrontium gives 
a certain means of distinguishing the metal from otheis which pro¬ 
duce a red colour, and of recognizing* it in the presence of other 
substances which impart a Colour ip the fls^e. The’spectrum of 
strontium includes several characteristic linos in the red and orange- 
yellow, and one*in the blue region. 

Like calcium on the one hand, and barium* on tho other, strontium 

M.C.—VOL. II. 
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gives no precipitate with hydrogfeu sulphide, almmonia (in the 
presence, off ammonium chloride) or ammonium sulphWe. The 
' three metals are, howhver, prepipitate^jfhy ammopium carhonate. 

The separation of strontium Unf^barium from calcium has already 
' "been discussed ; various methods .‘ale^known, depending on the 
superior solubility of the nitrate,or sulphate of calcium in various 
' reagents. The separation of strontium from barium has still to be 
consiacre^.i If ti>e strontium and barium are present as sulphate— 
which is usually the case after the separation “^of calciumi—these 
miied sulphates can be boiled for some time with ammonium 
carbonate.^ This process converts the strontium sulphate into 
strontium carbonate, which is actually a less insoluble «ilt than the 
sulphate. Barium sulphate is, however, too insoluble to suffer this 
transformation. Therefore, when the residue is treated with dilute 
nitric acid, the strontium carbonate will be decomposed, the whole 
of the strontium passing into the form of soluble nitrate, but the 
barium sulphate will remain unchanged and can be filtered off. 

Another method for the separation,, of barium and strontium 
depends on the insolubility of barium chromate.^ The solution 
containing the metals as nitrates or acetates is first made alkaline 
with ammonia, and then weakly acidified with acetic acid. Excess 
, of ammonium chromate is then added, when the barium will be 
completely precipitated as chromate, whilst the strontium remains 
"in solution. “ 

When once a solution of a strontium salt fffee from pthcr metals 
has been obtained, the strontium can again be precipitated by 
ammonium carbonat^- the precipitate of strontium carbonate 
is filtered off,' washed, igriited gently and weighed. Strontium 
can also be precipitated as sulphate, which is j^ctioally insoluble 
in a solution containing a^little alcohol. The strontium salt solu¬ 
tion is in this ease treated with a litf le alcohol and a slight^.w-...? 
of sulphurfo acid ; the precipitate is filtered off,, washed with dilute 
alcohCl^dricd and j'veighcd as strontium sulphate. But the pre¬ 
cipitation of strontiu'm as sulphate in the presence of alcohol is not 
advisable if the solution contains chromates f when those compounds 
exist in the solutirf.i, the stronthjpi is prefeflibly thvown down as 
carbonate, which may, if desired, be converted to-splphate after- 

'•'wards. “ 

<1 

" * Sir W. Crftokes, " Select Methods in Chemical Analysis ” (Longmans), 

1906 Edition, p. 46. , 

’ R. Fresenius, Zeitsch. 'iiTial. Olieri. 29 (1890), 413. A method of separat¬ 
ing barium, strontium, and calcium from one another, depending on the 
diffeienoes in the solubilities in the ttiree chromates is described^by I. M. 
KoPthoff, Weakblad, 57 (1920), 1080 ; Abstract J. Chem. Soc. 120 

(1921), ii. 63. 0 
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Tbeeesteul Occubeenoe 

Strontium ocours only small quantities in igneous rooks ; it 
appears to be expelled to some e> tcnl in the thermal waters given 
off in the later stages of V>o eonsolidation of an intrusive,mass. 
Thus strontium is a’constituent wf many mineral springs. # 

Deposits of the less soluble strontium salts, notably the sulphate 

Cceltstino .... SrSOj 
and the carbonate 

^ Strontianite .... SrCOs, 

• ' 

occur in many qiarts of the world. The former joften fijrais fine 
rhombic crystals of prismatic habit, Some of the deposits of 
strontium minerals are found in veins, and have evidently been 
deposited by thermal waters arising from an igncou.s mass lower 
down. The more important deposits are, ifow^wer, of secondary 
origin. It. is probable that •waters percolating from»above have 
dissolved the original strontium minerals from tl» veins, "and have 
deposited them at other jdacos where the conditions were favourable. 
Dissolved carbon dioxide jirobably has favoured the dissolution. 
Where thp percolating waters have entered a bed of hmestone, the • 
free carbon dioxide has ceased to exist in the water, and thet. 
strontium mineral ha^ been dropped. Thus we often find .strorttium 
minerals associated with limestone—o.g. in Michigan. 

Near Bristol (England) there is an important deposit of coelestine 
consisting of lenses and veins in the j’ed 4narls of Triassic age. 
Other British deposits of strontium compounds occur in Yorkshire 
and Argyllshire, '''colestine is found in Sicily in association with 
gypsum and sulphur ; the mode of origin is still somewhat doubtful. 

• 

' Technology and Uses 

Both the sulphate and carbonate are used Tis sources of.soluble 
strontium salts. The 'atter can raadily bo converted to nitrate 
by the action pf nitrii? acid. Bnt,the former must first be reduced 
to sulphide by heating with coker ^rom a soUtion of the sulphide 
the strontium can be precipitated as carbonate by Carbon dioxide 
gas. The nitrate, and also the refined carbonate, are the (?hief 
forms in which strontium comes on thh market. The oxide can be 
made by igniting the carbonate iit.gas-flredr'furnaccs,*a high tem¬ 
perature being needed. *, 

The practical* importance of strontium is dun to ihe fine red 
colour which it confers upon a flame; it is employed in fireworks, 
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as, well as in the light-signals used in warfare, ahd in connection 
with aviation. . * 

A little metallic strontium—obtaineii^y the el^trolysis of the 
fused chloride—is said to be’used in America as a deoxidizer for 
’•copper castings. , fl 

Strontium hydroxide has alsOf,proved useful in the extraction 
' of su^ar from syrups and molasses which—owing to the presence 
of impxjrities—dOcnot readily crystalUzo. This process was largely 
developed in Germany. The molasses are boiled with strontium 
hydroxide solution, and on cooling the rather insoluble strontium 
saccharate (on sucrate) crystallizes out. This can be removed by 
filter-pressingi and decomposed by means of carbon dioxide, liber¬ 
ating si^gar in a comparatively pure form, which crystallizes without 
difficulty. ’ 

At the present time, however, lime is to a largo extent used 
instead of strontia for this purpose ; in America^- until lately, 
strontia had nevei; been used for sugar refining, bub in recent 
years—experiments in the refining of /augar with .strontium have 
been carnled out.} 


> 0. VV. StosB, U.S. (hoi, A’mto., Min. Res. (1919), II, 9f.. 
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Atomic weigfit 


137-37 


The Metal 

Barium bears the same relation to strontium a.4 the latter tears 
to calcium. The element is a silver-white metal,‘melting and 
boiling atrf, slightly higher temperature than str(intium. It is 
eonSidorahly heavier than the preceding members of the group, the 
specifie gravity being 3-8. The salts, it may be m«ntioned>, are even 
heavier, the sulphate having a specific gravity, varying in different 
forms from 4:3 to 4-5 ; hence the derivation of the name {^apvg = 
heav-y). , ^ 

Bariuin is more reactive,than strontium or *aleiutn, and decom- 
po.ses wafer even more-vigorously ; the comparative r^jndity of 
the reaction is due not only to the lower pos*ition of the metal 
in the Potential .Series, but also to the greater solubiUty of the 
hydroxide. Metallic barium exposed to the damp atmo.sphere is 
quickly ?lttacked. It bnrn.s readily in air. ' 

Laboratory Prenaration. The metal can be prepared by the 
electrolysis.of the fused chloride (with, or without, the addition 
of fluoride), but it is preferable to obtain it through harium amal¬ 
gam. in the way described for the preparatirfin of strontium. When 
an aqueous solution of barium chloride is electfolysed with a 
mercury cathode^ an amalgam is obtained, which, when distilled 
in a current of hydrogen,at 950° C. yields harium. 


Compounds 

Bariuin oxide (Baryta), BaO, formed nflien barium inirns in 
oxygen, is a white sub,Aance, whici can only be fu.sed in an electric 
furnace, and* beconTcs incandy.'tcent when heated. It combines 
with water \^iih great evolution t)f ^leat—greahr than was observed 
in the case of calcium or strontium oxide. The hydroxideT 
Ba( 0 H) 2 , so produced is more soluble than the hydrc«ides dl the 
previous members of the group, but the saturated’solution only* 
contains 3-9 per cent. Ba(0H)2 £it 20° C. /The solution, known as 
baryta.imter, m strongly alkaline, and readily absorbs carbon 
dioxide. * 

Since barium oxide is more strongly basic than the'oxides of 
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cajciuiri or strontium, it is to be expected that thb decomposition 
oftthe ca;;bo 5 iate into barium oxide and carbon dioxide ' 

BaCO,-'BaO 

Kv,5vill only occur at a very high tempe.a^are. As a matter of fact 
this ^e'action requires a white hea^, but the oxide can be prepared 
. at a lower temperature by heating the carbonate with carbon, 

' • BaCO, + C = BaO + 2CO. 

Salts. The salts of barium are heavy colourless substances. 
The chloride is prepared in a hydrated form, BaCl2.2H20, by 
crystallization. The anhydrous salt is obtained by jjpating the 
hydrate; it is not deliquescent, and is rather less soluble than 
strontium chloride. The chloride is slowly hydrolysed by a current 
of steam, hydrogen chloride being earridd off ; the residue contains 
free hydroxide and can be shown to 1«! alkaline. 'J’.he nitrate is 
less soluble than stroqjium nitrate. , 'I’tio chloride? and nitrate are 
almost insoluble in concentrated hydrochloric and nitric acids 
respectively,' 'I’hey can be precipitated, therefore, fro'in strong 
solutions by addition of these reagents. 

Barium sulphate, BaSOj. The insolubility of the sulphate 
,is more pronounced in the case of barium than in tlie lower metals 
of the group. Barium sulphate is produced as a very lino but heavy 
'powdor when a soluble barium salt is added to a soluble sulphate. 
In this respect, barium resembles lead, which also forris a heavy 
insoluble suljAate. The exceptionally fine nature of .the pre¬ 
cipitate appears to boS’ue to the great degree of supersaturation 
produced when the solutions of the barium salt and the sulphate 
are mixed ; this high degree of supcrsaturatioijr c.auses nuclei of 
barium sulphate to be formed at a very large number of points 
in the solution. As stated in Chapter VI (Vol. I), the rniwetsf*’ 
crystals produced cling together to form app.^rently amorphous 
aggregBres. The wo^-k of von Weimarn has shown that at greater 
dilutions, where the degree of suporsaturation is less, star-shaped 
crystal skeletons, and even weil-fortned geometrical crystals are 
produced, and theile can be obr?rved whoh the {precipitate is 
examined under the microscope.I ■ 

• If the right conditions are obtained, it is even possible to produce 
crystals of karium sulphate pf size visible to the naked eye.® A 
'small evaporaling dish contaitiing a little barium chloride is placed 
in a much larger dish, ahd a little.sodiuni sulphate solution is placed 

^ V. von Weimam, Koll. Zeitsch, 3 (1908), 282. ' 

® 0. Lehmanb, “ Molekular Physik ” (Engelmann), 1888 edition, Vol. I, 
page 514, ' 
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in the annular space between thS dishes, water being very cautiously 
added t(*bottf dishes until the small dish is completely submerged ; 
the laVge dish is then lext "or some monthi* in a place ot uniform 
temperature. The salts ^aduallv diffuse upwards, and meet onp, 
another in a very dilute sdution, so that the degree of supersatura¬ 
tion is very small.» As a ^-esult^ few crystal nuclei appear* spon¬ 
taneously, and the slowl}! grown crystals are of largo size, resembling 
natural bariuih sulphate (barytes or heavy spar). 'I^iis is inte^sting, 
as it suggests that the mineral barytes also has been formed by very 
slow crystallization from very low dilution. • , 

If an ordinary fine precipitate of barium sulphate Is allowed to 
stand in tjje presence of boiling water containinj^ hydrochloric 
aci(f, the fine barium sulphate becomes changed to a coarser variety 
of precipitate. The explanation commonly giv(m*is that ilft> bigger 
crystals grow' while the smJlll ones, which are more .soluble, arc dis¬ 
solved and diiapjrear. But, as already .stated in Chaiitor VI (Vol. I), 
it is more probable that the growth (hjj)ends mainly on the 
adhesion of the small jrarticles to form secondary aggregates ; 
the process can bo regiM-rkx! as analogous to the floewilation of a 
colloidal solution.* ' • 

It is noteworthy that the precipitate of barium sulphate obtained 
by the intc.ract'on of barium chloride and sulphuric acid is rather 
leas fineVhen sulphuric acid is present in excess at the moment of* 
prerSpitation tharr when barium chloride is in exccs.s. An ex*, 
planation yf this fa«t, based on the peptizing power of the various 
adsorbed, ions, has been suggested.^ 

It has been explained above that, by ushtg exceptionally diluto 
solutions, barium sulphate can be obtStined in a vi|ibly crystalline 
form. If we pas^ to the other extreme, and use extremely concen¬ 
trated solutions, another unfamiliar forji of precipitate is obtained. 

AVeimarn, using thrf two exceptionally soluble salts, barium 
thiocyanate and rrianganese sulphate, was able to preprye solutions 
of .5-7 N concentration. He fottnd on mixing such solufioT^s that 
barium sulphate is thtown down as a gelatinous precipitate. Here 
the degree of supers,-'turation waj!, naturally, exceptionally high, 
and the particles pr»duced were^of colloidal si*!o. 

A colloidal solution of hariiAji sulphate, o^ a fairly stable char¬ 
acter, is obtained by the interaction of a sulphate aiid a barium sa^i 
in the presence of casein, which appears to act ag^a protective 
colloid.^ A slightly alkaline .solution, of sodium sulpliate containing 

* ** / * 

* Compare the views of S. Od^n, Svensk. Kem. Tidskr. 32 (1920), 108 ; 
Abstract, J. Ghtm. Soc. 120 (1921), 25. 

= By H. B. Weiser, ./. Phys. Chem. 21 (1917), 314.. 

" E. I'eilmann, Trans. Faraday Soc. 4 (1908[), 175. 
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casein is mixed with a concentrated solutjon of birium chloride, a 
thick, creanyf liquid being obtained. Tjhe addition.of aoctic acid 
causes a curdy precipitate, whicl;, can tlV i^Jbe washed free from other 
salts. The product yields a-coyoidal solution when stirred with 
^water containing a trace of caustic aljlali. The liquid obtained 
passed unchanged through filtcr-pqper, and is perfectly transparent 
,.whcil viewed by transmitted light, although milky when viewed 
by reC,ected, light. On evaporation it gives a horiiy translucent 
solid, which again yields the colloidal solution Vchen treated with 
water containing alkali. 

Barium carbonate is obtained as a heavy precipitate when a 
barium salt solution is treated with soluble carbonate ; K is to some 
extent solyuble in \vater containing carbon dioxide. The phosphate 
is also insoluble, but, like most phosphwies, is dissolved by mineral 
acids. 

Barium Sulphidesr. When hydrogen sulphide is passed over 
heated barhyn oxide, the sulphide, 75aS, is formed. The same 
substance''is produced by heating barium sulphate with carbon. 
When the materials are not too pure, it is found that the product 
has usually the property of phosphorescence, noticed in the case of 
palcium sulphide. " , 

When barium sulphide is treated with water, it is decomposed, 
forming the hydrosulphide, Ba(HS) 2 , and hydroxide, Ba(OH) 2 , 
both of which are soluble. This decomposition of bariutn sulphide 
by water proceeds more quickly than the corresponding interaction 
of calcium sulphide witH'wafer. The hydrosulphide is also formed 
when a solutiofi of barium hydroxide is saturated with hydrogen 
sulphide ; it /crystallizes in cohjurless needles K'Aving the com¬ 
position Ba(HS),.4H..O, ‘Various polysulphides have been 
described. /■ * 

i, ^ 

Low^« Salts. \^hen fused barium chloride is electrolysed, 
it is noticed that thb'barium fortned at the‘cathode is .somewhat 
soluble in the bath. The salt roqjnd the catheide is found on cooling 
to have the power of decomposing Tj/atcr with e\'olution<of hydrogen. 
This has been attributed to the^presence of a sub-chloride (BaCl). 
]put a similar phenomenon has been met with in the electrolysis of 
calcium, sodqwn and potassiujp chlorides, and is thought by most 
vhemists to bd due to particler; of the metal dispersed as a “ fog ” 
throughout iht mass of sjjt. It ig,'natuiSil to suggest that a similar 
explanation may hold good in the case of barium. A lower oxide, 
Ba^O,' corresponding to the sub-cMoride, has also been described. 
It is said tto be formed when barium oxide is strongly heated with 
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metallic magnesitim ; the magnlesium abstracts part of the (»c5'gen) 
and leaves a (Jfirk mass which decomposes water with ^e^volutipn’ 
of hydrogen. But hero i/' ’.n, one cannot refrain from suggesting 
that the dark mass may consist of an intimate mixture of metal 
and oxide. * • • 

• ft 

Barium hydridh is formed jvhon barium or its amalga^ is 
heated at 1,400° C. in a current of dry hydrogen. It decomposes 
water, hydrogen being evolved. 

Barium nitride, Ba^Nj, is obtained when nitrogen is passed 
over heated barium or barium hydride. It is a yellowish substance 
decomposed by water with the production of ammorSa and barium 
hydsoxide. * * 

By the action of ammonia gas on barium at low tenyjeratures 
(o.g. — 20°C.) a reddish •solid with the composition BalNHjlj 
is obtained ; but at ordinary temperatures it readily loses ammonia 
and hydrogen'yicldiTig the whitish amide, Ba(NHj) 2 .* The amide 
yields barium nitride on heating.^ * ' 

Bariunl peroxide. .\tVen barium oxide (BaO) hs ^cated in 
a streaSi of oxygen to dull redncs.s, the peroxide' BaO^, is formed. 
If the peroxide is heated more strongly, it decompo.ses again, but 
this dccompositjon is prevented if the heating is conducted under 
pressure.* At any temperature there is a definite pressure of oxygen' 
at uViich barium oxide and peroxide will be in equilibrium. 

2Ba() + (>2 2Ba()2. 

If the oxygen pressure be less than this au^auTit, the peroxide will 
decompose, yielding the oxide. If it ih greater, th# oxide will bo 
converted to the»pernxido. The decomposition pressure becomes 
equal to the pre.s.suro of the atmosphere !|jt 795° C., and consequently 
"bove^ that temperature barium peroxide contained in an open 
ves.sel decomposes extremely ra[)idly.''’ » 

A hydrated form of the peroxide is obtayicd when hydrogen 
peroxide is added to bhryta-water ; a erystalHilo precipitate having 
the composition BaOjj.SHaO is jjroduced. A compomid with 
hydrogen pcr,oxido, iBaOj.HaOj.^is also kno«»n; this compound, 
which is at f^rst colourless, be,comes yellovn.whcn preserved at 
ordinary temperatures. ‘ The colour change has been attributed* 
to the formation of a higher oxide, BaOj, but the majiter appears 
still to be a little doubtful. 

* W. Biltz and G. F. Hiittig, Zeitsch, Anofg. Chem. 114 (1920), 241. 

* Mentrel. Ccmpten Rend. 135 (19.02), 740. * 

’ J. A. Hedvall, Zeitsch. Anorg. Chem. 104 (1918), 163. • 

* "W. Traube and W. Schulze, Ber. 54 (1921^, 1626. 
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j„^>.nds "impart 'a yellif^sh-green coloration to a 
Siinsen flame, and this can be uHcd^in |ho detection of the metal. 
^The sjibstanco to bo tested should be’iyoistonod with hydrochloric 
acid^ If the barium flame is observed through a spectroscope a 
* large number of lines are observed, distributed over the spectrum. 
Of thelse, .three fif the green lines are the most distinct. 

In aqueous sbjutions, barium salts behave very similarly to those 
of c*alcium and strontium. The methods of sejtarating barium from 
strontium and calcium have already been described. The most 
usual method depends on the relatively small solubili^ of bafium 


chromate. Bariym can be weighed as the chromate (BaCrOj), 
which is not decomposed by gentle hoatiijg. After dr}dng at 110° C., 
it still contains 0'.5 per cent, of moisture, for which allowance .should 
properly be ma(U\ ' 

If a solution couKiilirig barium salts alone can bo obtained, it is 
preferable t(^ precipitate the barium ivscsulphato. As usually pro¬ 
duced thh precipitate of barium sulphato'is so fine that it, passes 
through ordinary filter-paper. Special filter-paper can be obtained 
which retains the line sulphate, but the washing of the precipitate 
,on such a filter is somewhat slow. It is, moreo\fer, possible, by 
taking the proper j)recautions, to obtain the sulphate in a coarser 
form which does not pass through the pores of ordinary filter-paper. 
If the boiling barium salt solution containing ammoniism chloride 
and a trace of free hydrochloric acid, be treated with boiling dilute 
sulphuric acid, and if fl'.e i^ixture is boiled for a few minutes and 
allowed to staifd in a warm place for some time, the precipitate will 
be found to have settled to the bottom in a dense 15rra, the filtration 
of which presents no diffitulty. The sqlphate must bo carefully 
washed, since it is very apt to adsorb soluble salts ; it is then^rfed7 


gently ignited and weighed. 


TKKEE.STBIA*. OqCUEREMCB 

Barium is found in small quantities in igneous roclcs, mainly as 
^ minor constitw.ent of felspar affd micas. The averaj^e content of 
ignequs rocksjs said to be about’Od per cent. Evidently, like most 
•comparatively rare elements|,it has tended to accumulate in the 
last-solidifying portions of the igjleous jnass, and has been largely 
expelled in solution in ^n'e waters which are given off by the mass 
duriilg the final stages of consolidation. Thus wei find 

Barytes (hbavy spar) . . BaS 04 
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commonly defjosited in •mineral veins along with other’vein- 
minerals ; it Is, for inst-'^ce, often associated with lendiand zimc 
ores. The barytes often (poours itt large well-developed rhombic 
crystals, the .size of which 'vmulc^ se^m fo indicate that the compound 
must have been dcjjosituciavory slowly from dilute solutioj(is, in 
which the solubility was wot greatly exceeded. Part of the bajium 
held in solution by thermal waters is sometimes retained until the * 
waters reach the earth’s surface, and according};^ thef waters of 
many mineral springs have a considerable content of barium 
salts. ’ 

As in the analogous case of strontium, tho mOre important 
deposits of 1^arium minerals are of secondary origin* Barytes is 
quite perceptibly soluble in water containing carbon dioxi^le, and 
thi.s has probably been an important factor in fhe leaching of tho 
])rimary barytes from mineral veins by infiltrating waters. If, 
however, the waters meet with large. q\iantities of soluble sulphates, 
barytes will again be depositotl; thus it is^l(^l surprising to find 
barytes crystals in pyritic .iljfdes, the sulphate.? boing.provided by 
the weathering of pyrites.' Likewise, the e.vist^ncc of Siirytes in 
limestone- which would tend to remove carbon dioxide from tho 
w'aters —is easily understood. In some places, where tho Umestonc 
itself haii afterwards been eaten away by the action of water,, 
consjclerable concentration of barytes has occurred. 

Quite important deposits occur in the north of England, espscially 
in Cumberland and Westmorland, but purer and whiter barytes 
occurs in Germany. Much barytes is mined in the United States, 
notably in Georgia, Missouri and Tennessee!* The Missouri deposits 
are probably of a primary character, having been dejlosited directly 
from waters rising from an igneous inass.- 

Another bariura-contaiqing mineral i?i the carbonate 
Witherite BaCOj, 

which is also found in this oountry. 


jI’kchnoiogy'and Uses 

t* 

The salts of. barium can bo inaije from, witherite by the direct 
action of acid. If barytes is used as the source of bhrium, it is firsh 
reduced by heating with coat to fhq sulphide (Ba>S)r which can 
afterwards be dissolved in any acid required. ’ ' 

Various pigments contain'barium- The.^recipitate'd sulphate is, 
by itself, not satisfactory for ordinary use in painting; but by 

• C. W. Dickson, Sch. Min. Quart. 23 (1902), 36«. 

W. A. Tarr, Econ. Oeol. 14 (1919b 46. 
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pfecip'itating barium sulphide with zirv? sulphate, solution, the 
vjiluable, pigment lithoponei is obtainj^, ' 

BaS-t-ZnSO. = Basf)f+ZnS. ‘ 

* It happens that both the products gf 'iljfs double decomposition are 
insc^luble and the precipitate is,, thercfojic, a" mixture of barium 

• sulphate and zinc sulphide. It must be heated to redness in a 
mufflA.fm;naoe, ^venched with water and ground, before it is fit for 
use. The quenching serves to break up the particles, and thus 
incieases the whiteness and the covering power. Inthopone is a 
comparatively cheap pigment, and is much used for flat wall paints 
and the cheaper grade of enamel paints. The chief disfedvantage is 
a tendency to darken when exposed to light, which has been proved 
to bo duA to the formation of metallic zinc from the zinc sulphide.^ 
In the dark, the paint recovers its whiteness, the zinc being converted 
to oxide by the acition of the air. Various samplcff of lithoponc, 
differing in compoiiiti*in and in the'method of manufacture, vary 
considerably in their tendeney to blackgij.; it is stated thaj lithopone 
which is fjuite fre^^from zinc chloride is perfectly stable to l,ight.^ 

Precipitated barium sulphate is considerably used for the facing 
of white paper. The whitest and purest product is used for this 
^purpose. In the manufacture of photographic >■ printing-paper, 
baryta-coated paper is nearly always employed, and some erabarrass- 
'ment^vas caused in this country at the commencement of the war, 
owing to the fact that this type of paper had previously Ijccii 
imported from Germany. Probably German makers will always 
have a natural advanjage in making baryta-coaled jjaper on 
account of th*= comparative purity of the raw material found in 
their country. 

Barium sulphate is also uned in paints, as an inert “ filler,” mixed 
with the white lead or zinc oxide wt,ich constitutes the pigrnenr" 
material pfoper. It is also used in coloured paints to dilute the 
colouiring matter. V’or admixture With white pigments, only the 
precipitated sulphafe' should be used : natural barytes,' however, 
finely ground, is practically useWss. , There in, of course, a tempta¬ 
tion to add the chdap natural fa’-ip of the cbmpound. Ordinary 
chemical analy.sis will nqt deteqt the adulteration, b’.j| microscopic 
oxamination of'the paint will reveal it.^ 

Orfthe other hand, for certain purposes, such as the manufacture 
"of coloured paints and the coilipoqnding of rubber, natural barytes, 

(. , Ip 

* See M. Toch, "Chemistry and Technology of Paint" (van Nostrand). 

» Mr. J. O’Brien, J. Phyft. Chem. 19 (1915), 113. 

^'Steinan. Chem. Zeit. 45 (1921), 741. 

* S. Stewart, ,7. Soc. Chem. Ind. 39 (1920), 188t. 
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if ground fairly filie, is not unsuitable. In fact, for use in adnysture 
with coloured jjigmerfts, mo comparatively coarse natural barytes 
is to be preferred, as it cSn^be addpd in larger quantflie# withoftt 
unduly destroying the tintWue to^he coloured substance. Thus aq 
economy of the coloured figjucnt is effected. ^ 

Barium salts are used in*(ireworks, and in light-signals, where a 
green light is required ; barium c?irbonatc is used in glass-maWng, 

where a glass V)f high refractive index is demanded. 

• • 

Barium oxide ^BaO) can be made from the carboHarc »y nearing 
in a gas-fired furnace, a high temperature being needed. When this 
oxide is heated at .500-600° C. in a current of air.il yields the 
peroxide (BaOj). Barium peroxide is important as,the source of 
hydrogen peroxide ; when it is treated with dilute sulphuric acid, 
barium sulphate is precipitated, whilst peroxide<o? hydroj/cn is left 
in solution. 


' T. R. Brigg.s, Ph^s. Vlicm. 22 flftlSr 210. 
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radium' 

Atomic weight . 226-0 

TLo last member of Group IIa is of interest on account of its 
radioaotivif^ raHier 'than its chemical properties, the subject of 
radioactivity vas discussed in Chapter XV (Vol. I) and it is 
proposed hero merely to deal with the chemistry of radium. It 
must, however, be remembered that the chemical study of radium 
salts is slightly complicated by the continual production of a radio¬ 
active gas, which itself gives rise to other elements (radium A, B, C 
and D) quite different in chemical properties from radium. When 
allowance has been made for this fact, the chemistry of radium 
appears to bo vory simple, and of no particular interest. Actually 
radium appears to ipssmble barium,' and is related to the latter in 
much the same way as barium itself,is related to strontium. 

The Metal 

Metallic radium is seldom prepared, but appears to be very 
•similar to barium, although rather more reactive ; it detomposes 
jvater with violence. It is best prepared by the amalgam method 
described in the preparation of strontium. ■ 

^ Compounds 

The salts of'radium are very similar to those of barium, but are 
on the whole,less soluble. The most soluble are'che chloride and 
bromide. Radium sulphate is particularly insoluble ; its solubility 
is actually only about , ioth of the solubility of barium sulpfiate.’" 
Radium fortns a peroxide (RaO^) besides the ordinary basic oxide, 
RaO. fWiien introchiced into a giiU-flame,, radium compounds 
impart to it a carraiiio tint. 

•i 

' Analytifal 

^ Radium is almost invariably detected by radioactive means, the 
methods havjpg been referred to in Chapter XV, Vol. I. It gives 
off a-particles,‘which can bo detected and even counted in a suit¬ 
able instrumei.t by means of the^dash 'vhich each particle causes 
when ij; strikes a screen ol cine sulphide. The amount of radium in 

*■ . f 

* ^ C. Lind, d, E. Underwood and C. F, Wiuttomore, J, Amer. OAe?n. /^oc. 
40 (1918), 435. 
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a preparation is Usually measurSd by means ot an electroscopa, the 
method being phased‘upcf A the leakage of the charge through air 
ionized by the presence ofvtbe radioiactive substance. Raaium cdn 
be distinguished from thetoore ahort-Uved radioactive substance^ 
(such as radium A, B anu Q)’ by the permanent character of its 
radioactivity. . ’ 

The radioactive tests fdr radium* are extraordinarily sensitiveyand 
allow us to recognize and even estimate amounts yvhich could not 
possibly be detected by any ordinary method ot analysis. 


Tkeeestbial Oocueeencb 

Radium ^curs in all ores of uranium, being actually produced 
by the disintegration of uranium atoms. In praptically ell cases 
the content of radium in » mineral bears a constant ratio to the 
content of uranium, namely :— 

3-38 X 10-’ : 1 ^ 

or approadmately 1; 3,000,000. 

The*ores of uranium (and, therefore, of radium) include the 
impure oxide 

pitchblende, UaO,, 

a hejvy blackish mineral of greasy appearance, which also contains 
iron, aluminium, lead, barium, and many other metals; this is' 
found in many parts of the world, mainly in pegmatites or 
metalliferous veins, and notably in Joachimsthal (Bohemia) and 
in Cornwall. Of more importance, ho\yever’, is the impure double 
vanadate 

Carnotite, generally expressed as K 2 O. 2 UO 3 .V 2 O 5 . 3 H. 2 O, 

Ur canary-yellow mineral Chiefly found in Colorado and Utah. It 
occurs there sparsely distributed in sandstone, and ha? evidently 
been introduced by the actiou of infiltrating waters ; the, uranium 
has presuinably beeiT derived from some pri?uary mineral of the 
nature of pitchblende. The formula given above does Aot fully 
represent thj compesition, smee calcium ajid often barium is 
present. It ig almost certain*^at more than one mineral con¬ 
taining vanamum actually occurs in tKe sandstone.^ Another 
source of radium is a complex Australian deposit, knqwp as “ Qlary 
ore.” This appears to be essentially.a titaniferous Uon ore, whichj 
contains in its crevices a «aiHU^^ amount of carnotite and other 
uranium minerals, as a yellow incrustation. ^ , 

* W. F. Hillebrand and F. L. Bansome, Amer. J. Set, 10 (J900), 138-141. 

* S. Badclifie, J. Soc. Chem. Ind. 33 (1914),.229. 
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, ' Technology and XJse^ ^ 

‘PrevioVs to 1898, tlv3 Joachifnsthal^'iii(^hblende was worked as a 
source of uranium. Theresidue^whichfiontainedthc radium were 
thought to he worthless and were d^)t^ 1 p<d on a waste-heap ; it was 
from this waste-heap that Mme. Curie obtained .the first preparation 
of radium salts in 1898. Since tllen the various uranium ores have 
been forked mi^nly for their radium content, although, in the case 
of carnotite, tfje vanadium-production is also of*-great importance. 

The greater portion of the world’s supply of radium now comes 
from the American carnotite. Since the actual quantity of radium 
present in an^ of the ores is extraordinarily small, t^e technical 
extraction is necessarily a laborious process ; but experience and 
patient 'research risive enabled manufacturers to simplify the older 
processes to a considerable extent, and yet to obtain a high per¬ 
centage of the radium present in tlie ores. 

The Colorado ores^^ ^pr concentrates are leached with hot concen¬ 
trated nitric acid, which brings most of the radium and uranium 
and about ladf the vanadium into solution, together >Vith much 
iron, lea({ and otJlier worthless metals. The 'bulky residues are 
separated by filtration. The acid filtrate is nearly neutralized with 
sodium hydroxide, and mixed with barium chloride, and then with 
•sulphuric acid ; barium sulphate is precipitated, and the Insoluble 
julphates of lead and radium come down with it; the sulphates 
can tlfen be separated by settling. ^ < 

From the clear solution that passes off from the settling tanks; 
iron and aluminium can first bo precipitated with boiling sodium 
carbonate; uranium il ne!,t precipitated by means of sodium 
hydro.xide as insoluble sodium uranate, after whicir the addition of 
ferrous sulphilte to the carefully neutralizexl solution brings down 
the vanadium as iron vanadate. The* precipitates of sodium 
uranate an^, iron vanadate constitute Valuable sources of uranium 
and vansi/jium respectively. . 

The treatment of tfie mixed sulphates of barium, lead aijd radium 
must no\& be considered. The sulphates are, converted by heating 
with charcoal to sulphides, which dissolve reaidily in,hydrochloric 
acid; the mixture of chlorides is.'then repeatedly recrystallized 
from acid solution in silica-linedT vessels, until a prodh'et compara- 
tively,rich iij Radium is obtained. The lead is removed from the 
solution of this- product by pr^ipitation with hydrogen sulphide in 
neutral solutiai, and the radium ..And barium are precipitated by 

^ C.s'Parsons, R. B. Moore, S. C. Lind and 0. C. Schaefer, U.S. Bur. 
Min^ Bull. 104 (191,5); abstract, J. tS'oc. Chem. Ind. 35 (19U>), 44 ; R.B. 
Moore, Bull.^'Amer. Inat, Mitti ICng. 140 (1918), 1105. 
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ammonium carbonate as carbotiateii, which are then redisg(jlved 
in hydro|jromio acid. F 'hctional crystallization of the bromides is 
now carried out, in aw,, . olution, until t^e produclf cratains ‘a 
sufficient concentration of(j-adlum brgmido to be of practical use.^ 
Radium almost invariablyfeon^s bn to the market as a mixture ol 
barium bromide and radium bromide. It has been stated* that 
about 300-500 tons of the ordinary low-grade ore have to be treated 
to yield one gram of radium in the form of a high-grade salt. 

Various modifier tions of the process have been pfop^osccl.. Instead 
of reducing the mixed sulphates with charcoal, they can be reduced 
by heating with a mixture of calcium hydride and calcium carbide.® 
n, after the treatment, the sulphide produced is treated with normal 
hydrochloric acid, only the barium and radium Sulphides are 
dissolved; lead sulphide is loft unattackod, syid lead is thus 
separated. A convenient way of concentrating the radium in the 
mixed chlorides is by “ fractional precipitation ” of the solution 
by means of hydrogen chloride gas. An alternative tnethod is the 
fractional adsorption by means of freshly precipitated manganese 
dioxide (obtained by tlip ftfteractiou of potassium jMirmanganatc 
and miilnganous chloride in the absence of acid), which absorbs the 
radium much more readily than the barium. 

3’he European pitchblendes are treated by methods a little 
different from those applicable to carnotitc.® Pitchblende contains, • 
of c«ursc, little or no vanadium. 

The Australian (Hary Ores are treated by a rather different 
processd the amount of uranium mineral in the ore is very small, 
and the mineral is therefore crushed, and subjected to magnetic 
concentration, in which about two-thircte of*thc worthless iron oxide 
is removed. Tli^ concentrates are insoluble in acids, but can be 
decomposed by fusion with sodium bisulphatc in a teverberatory 
furnace. The fused product is crushed, and treated with water, a 
turbid solution being obtainea) containing sulphates of iron, uranium, 
etc., in solution, and sulphates of lead, barium and radium as a fine 
precipitate. Thanks io the fineness of the precipitate, it passes off 
in suspension along with the solution when the liquid is drawn off 
from the heavy residue consistmg of the unattacked constituents 
of the ore. The liquid is run iiA<T settling tanks, where the sulphate 
“ slimes ” grt^uaUy sink to the bdttom, about twqlve hours bein^ 
required. The clear bquid can then be drawn off, and the slimes 

* A systomatio method of f. aotionation is described by C. E. Scholl, J. 

Amer. Chem. Soc. 42 (1920), 889. .* 

* E. Ebler and W. Bender, Zeitsch, Atigew, Ghent, 28 (191S), 26. 

“ R. Sternlicht, Chem. Zeit. 38 (1914), 49. 

* S. Radcliffe, J. Soc. Chem. Ini. 33 (1914), ,229. 
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(conoiflting of sulphates of leffd, barium and rattum) are worked 
up for radium. ; ’ ’ r 

It is ot inierest to note that, Itjetweci^^lro years ISjtS (when radium 
Tvas discovered) and 1920, the quantitybof radium extracted in all 
countries of the world only amoun(iCj{i to 120 grams.^ 

Uses of Radium.2 The practical importance of radium depends 
■ wholly on its radioactivity. It is sometimes asked why radium 
possesses a greater importance than other radioactive elements. 
The principal-ireason i.s that radium has a period of Imlf-change 
(1,645 years) long enough to be regarded as a practically permanent 
source of radioactivity, but, at the same time, short enough to 
render it a highly active and concentrated source. Furthermore, 
the fact that it gives off a radioactive gas, which can produce an 
“ active 'dejiosit"’ upon other solid substances, adds considerably 
to the value of radium for some purposes. 

Although, perhaps, radium has not fulfilled all the hopes that 
were once entertaiv .’d* with regard vo it, it has proved a valuable 
agent in medicine in the treatment ^pf certain forms of cancer, 
especially where comparatively large quantities have been available. 
Great efforts are being made to obtain larger quantities of concen¬ 
trated radium preparations for use at the hospitals. During the 
war, radium has been applied with success to jhronic infected 
wounds, and has proved effective in the treatment of scars resulting 
Irom wounds. It requires to bo used with great care since \iAdue 
exposure to the rays of radium may actually cause career instead 
of curing it. 

Another very important use of radium is in the manufacture of 
luminous pairri for apjjlicafion to the hands of watches, and the 
dials of compasses and other instruments which require to be used 
in the dark. Oi’dinary j>i|os])horescent substances, such as zinc 
sulphide, are luminous in the dark, but only if they have pre.’dously 
been oxpo. ed to a fairly bright light. The necessity of making this 
expoipiro has proved most inconvenient. If, however, the zinc 
sulphide is mixed with a minute quantity of a radium salt, which 
is continually giving out rays which render “.inc sulphide luminous, 
the periodical expcMure of the in.strument.s 'to sunhght becomes 
unnecessary. c , ' 

' The zinc sulphide requires to bo manufactured under special 
conditions, since some form.s are much more aetive than others; 
the details of manufacture have not been pubUshed. The sulphide, 
along with the necessajy addition 'of*radium, is mixed with an 

' d. Rontgm Soc. 16 (1920), 8.1. „ i. 

iC. H. Viol and O. D. Kammer, Trans. Amer. Electrochem. Soc. 32 (1917), 
381. 




appropriate “ vchifcle,” and applied to the surface which is^ be 
rendered iumii\ous. it ii - interesting to note that the^p^nt con¬ 
taining much radium gradual'v loses ts lumiivjsity, since*apparentfy 
the radium destroys tlie phosphorescent character of the zina 
sulphide. It is thought that lu^ninous paint made according to the 
British Admiralty Specification loses about half its brightness*each 
year. Paint containing less radfum, although less bright ^hen 
freshly made, would retain its phosphorescent character for a longer 
period. 

Radium has also been advocated as an addition tb soils. Several 


experimenters have claimed that the radium-treatmfent of soils 
increases the value of the crops produced, but it seems highly 
imprdliablo that such treatment would prove remunerative.^ 


^ F. IT. Glow, Chejn. Dmg. 88 (1916), 653. 

^ Sco Dept. Agr.y Bureau of Soils, Bull. 149 (1914). 
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Atomic Weight? 


Bdron . . . . 10-9 

Aluminium . . . i'/-! 

Scandium . . 45-1 

Yttriutii . . ■ . H9'33 

lanthanum ..... 139-0 

Actinium ..... 2.32-() 


The elements of Group IIIa are far leas basic in charaebu' tlian 
those of Oroup Il'a. The first member of the group, boron, i# usually 
iccounted a non-metal, and will be discussed only briefly in this 
volume; its oxide is weakly acidic in characte^, and can only 
Msplay basic properties towards a few strong acids. 

Aluminium is typically metallic in its physical characters, but the 
oxid5, although essentially a weak base, has also still more feebly 
developed acidic properties. 

The next three metals of the group, scandium, yttrium and 
lanthanum, aje basic In ciiaractcr, but much less strongly basic 
than the metals of Group IIa ; these three e^ements so closely 
resemble thht unique cluster of elements known as the “ rare earth 
metals,” which follow lanthanum in the order of atomic weights, 
that they^will be regarded as memWrs of the rare earth group. 
Actiniupi, which possesses interest ^s a radiodetive substance, has 
also chemical projilcrties very similar to those of tho^rare earth 
elements. ^ 

In passing from Q.roup IIa to*Group IIIa, vi<i note,^along with the 
loss of marked basic properties^'an increased tendency to form 
highly insoluye compbunds. • The hydroxides, fdl" instance, are 
exti;pmely jpsoluble, as is indicated by the gelatinous form in which 
, they are commonly precipil^tted. 

The elements are in all cases^triyalgnt, and the compounds, for 
the most part, colourlfiSs. 
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bprojsT 

Atomic weight 10-9 

The Element 

Borpii is usually considered as a non-metal, and’requircs only a 
brief mention in this volume. It resembles the elerneht carbon— 
which follow.s it in the order of atomic numbers—much more closely 
than it resembles any clement of its own group. 

The element is usually met with as a chestnut»brown .or black 
amorphous powder, which* may be compared to the f)rdinary 
amorphous form of carbon. When crystallized from molten 
aluminium it is obtained in the form of vfry hard transparent 
yellowish crystals, which may aptly be compared with the diamond. 

Boron dc/bs not conduct electricity and has none of iiho physical 
properiies of a metal. It is an exceptionally light clement, the 
specific gravity being only 2-5. It Is appreciably volatile at the 
temperature of the electric arc, but appears to vaporize without 
melting. 1 

Powdered boron burns when heated in air, yielding the oxide, 
sometimes jiixed with the nitride. The element appears fairly 
stable a!, low temperatures. It does not cause the evolution of 
hydrogen from mineral acids (o.g. hydrochloric), but is oxidized by 
nitric or concentrated sulphuric acid, ifith^ho forn^tion of boric 
acid. 

When introduced into the solution of a salt of silver, gold or 
platinum, boron causes the*prccipitation of the metal in the elemen¬ 
tary condition. 

Laboratory Preparation. The element i.'^ best obtained by 
heating the trioxido with magnesium pf)wdi!l'*in a crucible, the 
trioxido being in excess, so as to hinder the formation of magnesium 
boride. The button* obtained oij cooling is broken up and the 
central portion^which has a brown jolour, js separated and boiled, 
first with water so as to remove excess of oxide, and*then six times 
with dilute hydrochloric acid, and finally with hydrofluoric acid, so 
as to dissolve out the magnesium boride and borate thal; are present 
in the mass. Finally the residue »of amorphous boron is washed 
with water and dried.^ The product of'this process invarinjbly 

’ H. Moissan, Comptes Rend. 117 (1893), 424. 

“ H. Moissan, Comptef Rend. 114 (1892), 392. 
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contains magnesium, and, altliough ihi^|eai\ partlj^ be eliminated 
by Bub^qnont heating with Won trio^ilie, the boi:on c'otained is 
never quite pure. ‘ i ‘ ( 

Kecent work has shown thatAt is possible to obtain boron in a 
statq of high purity by the action^cJf^ high-tension arc upon the 
vapour of boron bromide. Dissociation pf thd bromide into boron 
and bromine occurs, and if freshly reduced copper is introduced 
into the Vessel; ‘the bromine may be removed as quickly as it is 
formed. ThiA jncthod is capable of yielding boron of 99'8 per cent, 
purity, but, as a pressure of 80,000 volts is needed, it could'not be 
carried out in every laboratory.'^ 

Compounds 

Boron is trivalent in all its compounds. The trioxide, BjOo, 
is formed when boron is heated in oxygen, or whcfli tlio hydrate, 
boric acid, is heated* to redness. When the fused oxide is cooled 
down, ther^^ is a marked tendency .to form a glass^ instead of 
crystalliking—a tendency characteristic hlso of the boratfs. The 
oxide is a white non-volatile solid. On account of the non-volatility, 
boron oxide is capable of expelling other oxides from combination 
. with a base. For instance, sodium sulphate strongly heated with 
boron trioxido, yields sodium borate ; sulphur trioxide—although 
an vxide of far more pronounced acidic properties—is driven off 
as vapour. ■ 

Boron trioxide is soluble in water, and from the solution, boric 
acid, H 3 BO 3 or B(OtI) 3 ^may be obtained by crystallization in 
shining colodi’lcss scales. Dry boric acid, when in the powdered 
condition, produces a curious “ soapy ” sensa'don when rubbed 
between the fingers. ' 

In spite of the non-volatility of the anhydride (B 2 O 3 ), brric acid 
itself is Very appreciably volatile in steam.. When a solution of 
boric abid is evapcjf’atcd, it loses, at first, water vapour alone, but, 
as thcu solution becomes concentrated, boric acid commences to 
distil away along with the steam ,2 Borio acid is also extremely 
volatile in the vap 6 ur of methyboj ethyl alc(ihol. This is probably 
due to the formation of an qstev with low boiling-point; methyl 
borate, for inkance, boils as low as 65° C. 

A solutibn of boric acid shows only very feeble acidic properties. 
It turns a sglution of blue litmus purple-red, but does not give the 
true red produced by stronger acid's methyl orange ig unaffected 
by, boric acid. The hydrion concentration appears to be increased 

^ 1 ^ 'F. Meyer and, R. Zappner, Bcr, 54 (1921), 650. 

‘ L. de Koningh, J. Amer. <Jhem> Soc. 19 (1897), 385. 
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by tho prescr.ce of gly< erine or in‘ innitol, possibly owing «t») the 
forraaticwi of .some stiri\g complex acid. At any rat^, in tjie 
presence of glytcrino, boric acid is able to diecharge tho pink colour 
of alkaline phenol-phthali)(n. • • 

Boric acid combines witl’ "bases yielding borates. Tho most 
important of Ihese'is sodiilm pyroborate (borax), NaaBiOT.IOHjO 
or Na 2 O. 2 B 2 O 3 . 10 HjO, which crystallizes in colourless monofclinic 
prisms from a solution of boric acid to which sodii«n carbonate has 
been added. Solutions of borax are strongly alk«.lino, owing to 
hydrolysis. 

When hydrated borax is heated, it gives off wab'r, swelling up in 
a most strik’’'g manner, and finally .subsiding into a ipass of molten 
anli^drous borax. When cooled down, the ;uihydrous borax doss' 
not easily crystallize, but forms a glass ; tlie gkiss dev.-,tri(ics on 
keeping. Molten borax (fissolves several metallic o.xides, which 
impart charecteristic colours to it; hence tho use of l)orax in 
qualitative analysis. • „ 

Many borates (notably tjjpse of calcium, barium, lead and .silver) 
aro_j)ractically insolubler and are prepared by the oreflnagy method 
of precipitation. 

The perborates can be prodiKiod by the action of hydrogen 
peroxide on the.solutions oi the borates ; (d these .sodium perborate, 
NaB 03 . 4 lL 0 , is tho best known. They have mild oxidizing pro- 
perfios and liberate iodine from potassium iodide. 

All hough boron ttioxidc is e.sscntially acidic in its properties, it 
tioc.s appear to form unstable compounds with sulphuric acid or 
sulphur trioxido; and, although (hose ^are not usually styled 
“.sulphates” in the textbooks, their*fortnation riay perhaps bo 
taken to imheats that the oxide does possess feebly developed basic 
properties.’^ For instance, on the addition of powdered boric acid 
to a large quantity of sulphur trioxide, a violent reaction occurs, 
and the whole mixture Uquefies. If the excess of sulphur trioxide 
is driven olf by heating at 100° C., a solid separates or cooling, 
which, when dried in a desiccator, has the cwnposition B(HS 04 ) 3 . 

Boron forms very interesting volatile compounds with the halogen 
elements. The chi iride, BCl^.,can bo obtai.icd by the action of 
chlorine on bqron, but is more conveniently prei)arcd by passing a 
stream of cWorine gas over a strongly fieated mixture of boro» 
trioxide and carbon, tho vapour being condensed in a.U-tubc placed 
in a freezing mixture. It is a colourless liquid, boilfhg at as low a* 
temperature as 18° C. K is thus difficult to preserve. When 
introduced into water, it is hydrolysed to boric and hydroohlorio 
acids. * 

* R. F. D’Aroy, Trans. Chem. Soc. 55 (1889), ISO* 
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.Th'e' fluoride,1 BE 3 , is ove(i more vottitile, ^ein^|; at ordinary 
t(jmperai((jr^ a gas having a very unpleisant 
at — 101° C. and solidifies at —' 127° Q‘ It can 
direct action of fluorine on borc^fi, but |;horo a 
tive methods of preparation. / o 

Like the metals of the previouS|.group, bpron lias an affinity both 
for tydrogen and nitrogen. Various hydrides 2 are known. A 
mixture of hydrides can bo obtained in the following way. Boron 
oxide is heated with excess of magnesium, and the product, which 
corfcains magnesium boride, is treated with acid in a vessel tlrrough 
which a slow stream of l^ydrogen is passed. The gas leaving the 
vessel, consisting of hydrogen mixed with the vap>*jr of boron 
hydrides, is passed through drying-tubes containing cafeium 
chloride K.id pho,^phorus pentoxide, and then through a tube cooled 
in liquid air, in which a mixture of boron hydrides, together with 
traces of .silicon hydride and carbon dioxide, conden*! in the solid 
state. By fractional*’distillation (if the snow-like product two 
hydrides of boron can bo isolated. Ttio composition and vapour 
density of, these ^wo hydrides correspond to the formulae^ 
and B,H ,2 respectively ; both are liquid at ordinary temperatures. 
Various other hydrides are known. When Bjlf,, is heated, it yields 
a gaseous hydride B.dL along with a solid hydride BuHi,, and 
other products. It is stated that probably at least ten hydrides of 
*Doroiv, exist. The volatile hydrides have di.sagreeable odours and 
are very poisonous. ' . 

The nitride, BN, can be formed by the action of nitrogen 011 
boron at very high temypratures, or, more conveniently, by passing 
ammonia over fooron trioxido mixed with calcium phosphate, which 
serves to reqder the mass porous and thus to gfvo the ammonia 
access to the boron trioxide.’ Another method of preparation, 
which is said to give a purer product, depends on the action of 
ammonia 6 n boron chloride.^ Boron nitride ig a colourless solid, 
insolubffi’in cold wa^er, hut decomp(rsed by boiling water, yielding 
ammoni?, and boric Acid. 


odour; i 1 #-liquefies 
be produced by the 
:o various altorna- 


Anaiytical 

I Any volatile‘compound of boron confers a green'colour on a 
flame This fact can be used in the detection of a borate. The 

« 

' H. MoUsanf Comptes Rend. 139 (l0O4), ’JH* 

® A. Stock and C. Masriinez, Be/. 45 (1912), 3539; A. Stock and K. 
Fried^ici, Ber. 46 (1913), 196b ; A. Stock, K. Friedorici and O. Priess, Ber. 46 
(1913), 3353; A. Stock, Zeitsch. Elektrochem. 19 (1913), ?t9. 

^L. Moeper &nd Eidm?.nn, Ber. 35 (1902), 636. 

* F. Meyor and R. Zappner, Ber. 64 (1^21), 660. 
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substance in 'v^hicb the j rcsence of A borate is suspected shopid be 
mixed with cajoium tluo'^de and potassium disulphate (ffee from 
boron); a little' of the nixtore, sligiitly moistened, is ^hefi held on 
the end of a clean platim^m wir^, and the reducing flame of the 
blowpipe is directed on the m'yturo. A grccji coloration, best seen 
against a black background, indicates boron.i The object of the 
calcium fluoride is to convert ftie boron to the volatile boron , 
fluoride, BF 3 . 

Small traces of boric acid are also detected bjj moa-us of the 
vegetitble colouring matter turmeric. The sdbstance to , be 
examined is dissolved in dilute hydi'ochloric acid, ancT a few drops 
of the so'utUn applied to yellow turmeric paper. If boric acid is 
present, the paper turns reddish-brown on drying, and changes to> 
blue-black, grey or green on the addition of dilute ijlRah. A 
quantitative method for tlio colorimetric estimation of boric acid 
based on the .’oaotion with turmeric solution has been worked Ont.'s 
It should bo noticed, however, that zircqnic, titanic, tantalic, 
niobio and molybdic acids^ produce a rather similar change with 
turmefic.'* '■ ’ ^ 

The precipitation 'methods devised for the separation of boron are 
not easy, but various processes have been devised depending on the 
fact that boric icid is volatile in a current of methyl alcohol.'* 

Boric acid can bo titrated with sodium hydroxide in the presence ' 
of glycerine, phcnol-phthalein being employed as indicator. Any 
stronge r awds preseht in the solution should first bo neutralized ; 
for this preliminary neutralization, methyl orange or para-nitro- 
phenol, indicators which aro unaffected by boric acid, are useful. 
Having obtained neutrality towards hietnyl orange, glycerine is 
added and a fcwRlrops of phenol-phthalcin ; then sodium hydroxide 
is run in until a pink colour appears, .ffroni the amount of sodium 
hydrovido needed, the quantity of boric acid present may be calcu¬ 
lated according to equation, 

H 3 BO 3 +NaOH = NaBOa 2H,0. 

TjIRBESTRIAL Occubrknce 

« 

Being a comparatively rare elftifient, the boron contained in igneous 

intrusions cdlects in the last solidi^ing portion of the mass. Since 

* 0 

^ Sir W. Crookes, “ Select Methods in Chemical Analysis,”*(Longi)jans). 

* See V. Samter, " Analytische Schellmethoden ” (Knapp). 

® F. P. Treadwell, “ Analytical Chemistry translation by W. T. Hall, 
1911 edition, pa^e 67 (Chapman & Hhll). 

* F. A. Gooch and L. C. Jones, Zeitsch. Anorg. Chem. 19 (1899J, 417. 
Working details* given by W. W. Scott, " Standard Methods of Chemical 
Analysis” (Crosby Lockwood). See also O. von Spiiidler,•C/icm. Zeit.^29 
(1905), 682. 
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manj^of the compounds of boijon are distiLctl^ vMat^le, it is largely 
expelled^n the vaporous state,.along -witK'the* other,olen^nts, such 
as fluorine,^ tin, lithiuin and uerylliijm,'* which a^|^o have volatile 
compounds. Many of these vapours ao| chemically upon the rocks 
through which they pqss, and, in thjf) jvay, various boron-containing 
minctals arc produced. For instance, lourmalino, a complex boro- 
, silicite of aluminium and othef metals, is produced where the 
vapours hj^vo [vassed through granitic rocks. It is of interest to 
prospectors nc^t only on account of its own valiio (some varieties 
are. attractive glsm-stones), but also because it is frequently associ¬ 
ated with ofhpr valuable minerals, notably tin-stone. 

Whilst, however, a good deal of the boron in thg^vapours and 
•hot waters given off by igneous masses is lost by reaction with focks, 
a ccrtahi^mounl reaches the surface of the earth. In the volcanic 
regions of Tuscany, some of the jets fif natural steam that arise 
from the ground contain an appreciable amount of boric acid (which, 
as has been stated, iij quite volatile in steam). Hot springs con¬ 
taining borates occur in the volcanic ^district of the Yellowstone 
Park. In sfich a way boron compounds have come *to exist in 
terrestrial waters^ and, although there arc only very small amounts 
in the ocean, certain inland lakes, notably the great Borax Lake of 
North California, contain a great deal of sodium Jjorate ; in that 
” particular case, the supply almost certainly came from hot springs 
»in the neighbourhood. ‘ 

By the natural evaporation of such lakes, deposits oi solid salts 
—including borates—are formed. Evidently tho crusts of boroh 
minerals found in tho marshes of South California have boon formed 
in this way. ^he saltl^ cofttain not only 

Borj^ix . . . Na.dLOj.flill/) 

but also calcium borates slicli as 

(^olemanite . . . * Ca 2 BeOii..')HjO. 

Important deposits occur in Chili, in the same desert regions where 
tho nitrates arc found. Here the main mineral is a double borate, 
Ulexite . . • . , NaOfiBjOj.SHjO. 

A third important borate-produtkig district is tfie region of 
Panderma, on tho iSba of Marmora, where calcium Borate * occurs 
hnder the name 6f 

• * Pancfcrmito . . CajBjOn-SHjO. 

« 

In addition, deposits of ^rude bc^ax? o^ur in Thibet. 

' 8^)me authorities speak of tho mineral coming from ^his district as a 
m^nesium booato, but the principal metal—at any rate in the mineral now 
sent to this country—is caldium. 
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It is intore^ing*to nol^j that !)oralos—eviaontiy produced,by the 
gradual ^onccptratiofi ofHhe small quantity present in Ijhe sea’— 
occur in the ii*|lt deposits of Stassfurt. il^ut the mftiel^ls there 
occurring, such as ' f 

Boracito . . 2Mg3B80i,.MgCl2, 

are mainly borates of magncsiusi, not of calcium. 

Technology and Uses • * 

The borate deposits of California, Chili and Asiif Minor now fcrm 
the most important sources of boron compounds. Where soluble 
sodium bonl^ is still found, it may only require rccr;^stallization to 
yiol(t the salt in a sufficient state of purity. But generally speaking 
the. depo.sits consist mainly of calcium borjitss, whiclf require 
decomposition in order to‘give the commercially u.seful compounds 
of boron. • 

Essentially the process is a double decomposition. The minerals 
are ground, and boiled witji.a solution containing sodium carbonate 
and J)icarConatc. Calcium carbonate is precipitated, and can be 
removed by filter-pressing whilst hot; the filti’iVte is run into big 
tanks, where the borax separates on cooling in aggregates of largo 
glittering crystils. 

Where it is desired to prepare boric acid, the method is modified,” 
the ground mineral being decomposed with acid. If hot hydre- 
chloric ackl is used,‘boric acid separates from the solution oir cooling 
’in shining lamell® ; the highly soluble calcium chloride remains in 
solution. If sulphuric acid is used, the ])reoipitate of calcium sul¬ 
phate is separated by filtration whilst ^lot, and, the boric acid 
crystallizes frofti the filtrate. In either case, the boric acid is 
purified by recrystallization. Some care must be’ taken in the 
manufacture of boric aci'd to avoid loss due to the volatility of the 
acid in steam. , 

A considerable amount o* boric acid is still obtained, from the 
hot springs of Italy. 

Boric acid is emp’oyed largely as a presorvati\% in loodstuffs, 
and is used, as a Aild antisepfic. 

Anhydroug borax is used in the ^lass industfv ; glasses containing 
borates have usually low softening-points; for the same reasqji, 
borax and boracic acid is useful in the manufacture,!^ onanjpls and 
glazes. Owing to its capacity for dissolving metallic oxides, borax 
is used as a flux in mctalJuigy,,and also in brazing and soldering. 
Borax is also added to soap mixtures-inte^ided for use in harc^ water. 
The borates t>f manganese and lead are used as “ driers ” f5r oils. 

Several of the perborates have alsn a technical pmporta'hoe. 
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Sodivtji perborate, NaBOjAHjjO, made l|y the‘action of sodium 
peroxide,.on boric acid, is uaedWor bleaclAngit is Ipas destructive 
to the mS.teHals than many of the more violent ox^izing agents. 

„ A good deal of sodium perborate is al^) prepared cloctrolytically, 
especially in Germany/ A solutio^ containing borax and sodium 
carbonate is believed to be used; pe(boratcs"aro formed at the 
, anodd, and after electrolysis, th?i solid sodium perborate can be 
separated l^y a .'gjight cooling. The factors governing the efficient 
production of lyjratos are the same as those discubsed in connection 
with the electrolytic preparation of chlorates and hypochlorites ; 
perborates afe,formed (directly or indirectly) at the anode, but, if 
they come in contact with the cathode surface, thejjiare Uablo to 
.be destroyed. Substances like the chromates and turkey refl oil, 
which forpi films oyer the cathode surface, decrease the loss due to 
this cause. Very pure chemicals are nbedod for the manufacture 
of perborates. The presence of iron, for instance,«catalytically 
accelerates the cathodjo destruction‘of the product. Tin may be 
used as a cathode-material; but the only suitable anode material 
is platinum—u fact that naturally adds to the cost of the electrolytic 
process.“ * 

Owing to its affinity for oxygen, boron is sometimes added as a 
deoxidizer to metals, notably copper, aluminium, jdckel and their 
'alloys, before casting; it is introduced into the molten metal, in 
the form of the so-called “ suboxMe,” a product made by the action 
of magnesium on excess of boron trioxide. The “ suboxide ” is 
probably boron containing the trioxide in solid solution. Experi-' 
ments have shown that boron can also bo employed, with advantage, 
in steel, being jn this efce Added as an iron-boron alloy (“ ferro- 
boron ”). 

< 

1 K. Arndt, C'hrni. Zeit. 39 (lbl5), 8()(i; K. Arndt and E. Hantge, ZeiUc.h.. 
Elektrochem. 28 (1922), 203. See also V. i'. Alagaard, J. Phys. GIftm. 26 
(1922), 137. « 

* K. Ari^dt, Klchtrotcch. Zcitsch. 42 (192i), 345. 
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Atomic weight 27 1 

The Metal 

Aluipinium is a white metal, which assumes a bright lustre w|^en 
polished. It is one of the lightest metals known, the specific gravity 
being about ^'70 ; the specific gravity vAries sUghtly according as 
the metal is in the cast, rolled or annealed conditioA.^ Although, 
considerably harder than mo.st of the metals ^stj far considered, 
aluminium is both ductile and malleable ; both wire antf thin leaf 
can be obtained without difficulty. The crystalline form is cubic, 
the atoms being arranged- according to the result of .X.-ray analysis 
—on a face-centred lattice.^ 

Cast ahftninium when viewed in a micro-section shows the 
ordTfBTry granular structure of cast metals, but {Then subjected to 
mechanical deformation, the structure becomes modified. When 
cast aluminium i^ gradually rolled out into thin sheets above 400° C., 
the individual crystals become greatly elongated in the direction 
of rtilling, and flattened in the direction at right angles.® It has 
somef imesJaeen stated ^ that excessive cold-work renders the Inetal 
structureless, converting the crystalUno metal almost entirely into 
amorphous material; it seems likely, however, that much crystal¬ 
line aluminium always remains, although jlossibly ii^i some cases it 
may bo difficult 4o detect the crystalline structure in micro-sections. 
Nevertheless sufficient “ amorphization ” occurs dufing deforma¬ 
tion to cause a considerable increase in hardness and ductility ; the 
arnorpTious or pseudo-amo/phous material is probal^y formed 
mainly at the boundaries of the distorted crystal-grains, i^imealing 
renders the work-ha:^lened metal soft and dju^tile again. At high 
temperatures (000-60^^° C.) the softening is quite nipid ; 'at lower 
temperatures (lOO i{00°C.) io requires many hours. The loss of 
the acquired* hardness and strb^gth on annealing is, however, not 
always acedffipanied by the confplete I'ecoverj' jof ductility—as 
judged by the elongation test.® 

r 

^ F. J. Brislee, Trans. Faraday 8>.c. 9 fl9l3), 162. 

a A. W. Hull, Phys. Rev. lO 661. ^ 

* H. C. H. Carpenter and C. F. Elani,*J. inst. Met. 25 (1921), 2^9. 

* F. J. Brislee, Trans. Faraday fioc. 12 (1916-17), 67. Compare'R. J. 

Anderaon, J. Franklin Inst. 187 (1919), 1. • • * 

* H. C. H. Carpenter and L. Taverner, J. Inst. Met. 18 (1917), 116. 
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Thii exceptional weakness which is jjometifnes^ met with in 
aluminium which has first beet hardened by Ueformatioryand then 
annealed*l8,*m some caries at least, duetto the preseace of very large 
crystals. As usual, the formation of* l^rge crystals is most likely 
to occur when the degree of defornlD^tion has been small. Highly 
deformed aluminium acquires on annealing a 'Comparatively fine¬ 
grained structure, and it appears'that recrystallization, in this ease, 
always stains frpm nuclei which arise spontaneously at the boun¬ 
daries of the deformed crystals.^ If we imagine tliat “ amorphous ” 
majterial is prdduced, during the deformation, at the ctystal- 
boundaries, 'the initiation of crystallization at these points need 
occasion no surprise.^ ' 

• By very mild deformation of a bar of ordinary fine-gitiined 
aluminihip, follorved by suitable heat-treatment, Carpenter and 
Elam" have succeeded in converting the whole bar into a single 
crystal, the orientation of the atoms being thus rendered uniform 
throughout all parts qf the spccimwi. To obtain this remarkable 
result, they gently pulled a number of bars in an ordinary machine 
until the extension of each bar was about 2 per cent, of 'uho original 
length, i’he bars/ were then placed in a furnace at 450° C., and the 
temperature was gradually raised (by 15-20° C. per day) until it 
reached 550° C.; finally the bars were heated at ^0° C. In each 
* bar at some moment during the gradual heating, some one erystal- 
igrain which happened to bo favourably situated would commbneo 
to grow at the expense of its neighbours, and would (;pntinue to 
grow until it extended over the whole bar. Sometimes a second 
grain—or perhaps two or three others—might commence to grow 
before the firs^iad dev^lopid over the whole bar, and in such cases 
the bars in the final state would consist of two, three or four 
crystals ; but if the hcatip" was sulliciently alow, this could often 
be avoided, and a considerable proportiofi of the bars treate^d were 
found—after cooling—to consist of single crystals. A study of the 
behaviovr of these single-crystal specimens to a tensile stress is of 
the greatest interest,-and has greatly extended our knpwledge of 
the mechanist.* of gliding and ^twinning. ,Tn general the single¬ 
crystal specimens show a much smaller tensile strength than similar 
specimens consisting of numerous* small grains, but the tensile 
ptrength of dif£f^r 9 nt single-crystal specimens varies 'considerably; 
this ij actually to be expected, since the orientation of the rows of 
•atotns will be different in different specimens, and it is quite in 
* . ' . 

* H, C. H. Carpenter antf'C. K. Elam, J. Inst, Met. 24 (1920), 83 ; 25 

(191?/, 269. , , 

iU. R. Evara, J.Jnst. Met. 25 (1921), 298. 

* H. C. H. Carpenter and C. F. Elam, Proc. Roy. Soc. 100 [A] (1921), 329. 
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accordance wi|h*our kn.jwledge of crystals that their strjaigth 
should beulifferent when ^ey are ti'sted in different direc^tions. 

The chiemic^ behaviour, of metallic aluminium is’ si!toewhat 
anomalous. It is in some iiiesjjectr one of the most reactive metaln, 
commonly met with ; at high tonlporatures it oxidizes rapidly in 
air, whilst aluminium powde* reduces the oxides of the less reactive 
metals to the elemental condition*'great heat being evolved dicing 
the change. Nevertheless compact aluminium letn^ains junchangod 
in the air at orditsary temperatures, and keeps its ^brightness far 
better ^han load and copper, for instance. 

This is, without doubt, due to a thin skin of colourless, trans¬ 
parent oxide^hich is normally closely adherent and acts like a 
“ plating ” of a noble material upon aluminium. TRe oxide-film , 
produced upon aluminium at ordinary temjieraturvs is too thin to 
be visible ; but when thin a’luminium foil is heated at 8()8° 0., the 
foil, although ^till unchanged in appearance as viewed by reflected 
light, becomes quite transparei.*; when viewed, by transmitted light, 
and may bo seen to consist mainly of oxide containing numerous 
beads of unNiangcd metal *6y the action of hot strong nitric acid, 
theTBIbhangod metal can bo removed, leaving the oxide as a mass 
of colourless iridescent scales.^ 

The close adhqpion of the oxide-film naturally depends as much 
on the character of the underlying metal as on that of the oxide, 
and ^ is not surprising to find that a small change in the surface ,■ 
may alter fjie adhesion, and hence the rate of attack by the’ air. 
K aluminium is rubbed with mercury and then exposed to the air, 
it oxidizes very rapidly ; evidently the o.xide formed does not 
adhere well to the amalgamated surface; and therefoijo produces no 
protective film -n^iich would prevent further action.^ 

Although ordinary compact aluminium is but littld affected by 
exposure to the air, alumiiiium powder- owing to its large surface 
area - oxidizes more readily, "especially when heated. At 600° C. 
only the oxide is jfroduced,, but at high temperaturcj^ (SOO- 
1,000° C.) tjie product*contains nitride also.’ .I 

The existence of thq oxide film also explains tlu# comparative 
slowness with which j'ompact aluminium enters into reactions with 
aqueous soluttons. Eor instance, aluminium placed in a solution 
of copper sulphate, docs not readily cause 'a sepa,ra{;ion of metallic ^ 
copper. The behaviour of the metal towards reagents in general 
depends largely on their power to dissolve or loosen tJie oxide film. 

' R. Seligman and P. Williams,’,/, tfnst. Met,. 23 (1920), *169. 

* L. Kahlenberg and J. A. Montgomery, Vrar^. Amer. Electrochem. Soc. 36 
(1919), 285-288. ^e© also R. Miiller and F. HOlzl, Zeitsch. Anorg. Cheni? 121 
(1922), 103; especially pages 108, 109. 

» E. Kohn.Abrest, Comptes Rend, 150 (1910),'918. 
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AIui||}}nium cvolvts hydrogen reAdily from soKitijins of caustic 

alkali, ^luminates being produced in the solution.' HWrochloric 
abid alsIK' atts on aluminium'causing, s, fairly bri&k e-^lution of 
Jiydrogen; sulphuric acid aQts mucH l^s rcadhy'.’^ Very concen¬ 
trated nitric acid scarcely acts 6n aluminium at all, but the dilute 
acid attacks it to an appreciable ektc¥>t, especially if the tempera- 
turojis raised, or if oxides of nitrogen arb present ^ ; it should be 
noted thatj, the rate of attack by nitric acid depends also on the 
mechanical coniftion of the metal—whether coM-worked, partially 
anpealed or thoroughly annealed.^ 

The action of organic acids has been studied by Seligman and 
Williams, who have obtained results of great intcr^fc.^ One per 
. cent, acetic atid was found to attack aluminium fairly readily, but, as 
the concentratic*! of the acid tested increased, the rate of corrosion 
decreased. Ninety-nine per cent, acetio acid was practically without 
action, and one would expect that absolutely anhydrous acid would 
likewise prove to be^inactive. But, as a matter of fact, it was 
found that the removal of the last 0-05 per cent, of water from the 
acid increasid the rate of attack one-hhndredfold. Similar results 
were obtained with palmitic and oleic acids, and also with Tpi^enol 
and even alcohol. The power of a mere trace of water to inhibit 
the action is certainly remarkable; it has been ^explained on the 
supposition that—in the presence of water—the soluble organic 
salt is hydrolysed, producing hydroxide, or a basic salt, which 
adhdtes to, and protects, the metal. < 

The action of salt solutions upon aluminium has also teen studied 
in detail. The metal is attacked by solutions of many salts 
(especially by^chlorideifh hydrogen being evolved ; as a rule, how¬ 
ever, the rate of corrosion, which at first incrca^s with the time, 
decreases aghin, evidently owing to the formation of an obstructive 
coating of aluminium hydroxide.® As in so many cases, chlorides 
tend to Igosen the film and make if less perfectly protecflve. 

The anodic behaviour of aluminium has ail'eady been discussed 
in Chapter XII (Vrfi. I). It is only necessary to repeat here that 
valve abtion»'s shown towards most solutions. In other words, 
aluminium will nofi, function sSj an anode at low E.M.P.s ; in a 
solution of ammonium borate an'B.M.F. as high as SOO volts must 
be applied be^pro ‘tlie hisulatifig film breaks down) • If, however, 
the solutiop contains chlorides, a considerable leakage of current 

• See W. D. Richardson, Tranil Amtr. Eleclrochem. Soc. 38 (1920), 266,267. 

• B. Seligman and P. Williams, Ji Sot. dhetn. Ind. 35 (1916), 666. 

• R. Seligman and P. mlliams, Trans. Faraday Soc. 12 (1916-17), 64. 

Seligman and P. Williams, J. Soc. Ohem. Ind. §5 (1916), 88; 37 
(1918), 169t. . 

‘ 0. H.iBaUey, J. Soc. Ohem. Ind. 39 (1920), llSi. 
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takes place at Mie surface of an aluminium anod^ even at qui<» low 
E.M.F.s. ^he Rectifying •effect of , the aluminium electrode is 
directly dm to the presence of a film of oxygjin upon thS surface o^ 
an anodically polarized alu:\iiiiiuin electrode ; this gas-film can be» 
crossed by electrons in one direction but noj; in the other. The 
gas-film would, however, never come to be produced if the 
aluminium were not covered, at iJio moment of immersion iivtho 
electrolyte, with a protective oxide-film, which provijiits the passage 
of aluminium into the ionic condition. 

Labwatory Preparation. Although aluminium dpes not, In 
practice, readUy pass into aqueous solution, it stauds»too near the 
negative end t' the Potential Series to bo deposited froip an aqueous 
solution of its salts by electrolysis under ordinary conditions. 
When an aluminium salt solution is electrolysed, 1iydrog«u alone 
is produced at the cathode. *[t is very difficult to make the cathodic 
potential so negative that aluminium deposition could begin, 
although certain experimenters—using a very»high current density 
and a rotating cathode—Jjwe succeeded in showing that the 
deposition of aluminium ffom an aqueous solution,is possible.^ It 
will never, however, be a convenient method of preparing the metal. 

The metal can bo produced in the laboratory by the electrolysis 
of a fused bath, for instance sodium aluminium fluoride containing 
dissolved alumina, the process being founded on that used on a 
commercial scale.^ Or it can bo obtained by the action of aptill 
more reactive metal, fiko sodium, upon the fused fluoride, or upon 
sodium aluminium chloride. It is rarely prepared m the labora¬ 
tory, and the description of the technical^ metallurgy must be 
reserved for the technological section. 

An interesting Inethod of preparing very pure alunpnium from 
the commercial metal has recently been p ublished.’ It depends on 
the fact that when molten imppre aluminium solidifies, the crystals 
arc comparatively pure in the early stages of growth; ftie main 
impurities, iron and silicon, remain liquid untij, the last insmont, 
when they sepiarate as a eutectic. If tech’nical alumiiqum is 
allowed to crystallize slswly, and i" stirred vigorous!^ during the 
solidification, a,spong/aggregato^oi crystal grains is obtained, which 
can afterwards Jje broken up into ^ coarsf powder; each grain 
consists of a core of fairly pure aluminium surrounded by a thin > 
layer of eutectic containing the impurities. The granul&r mass is 
then extracted with 1 per cent, hvdroehloric acid, which dissolves 
• • ■» • 

* S. A. Tucker and E. G. Thomssen, Trans. Amer. Electrochem. Soc^ 15 
(1909), 497 ; A. H« Cowles, Trans. Amer. Electrochem. Soc. 15 (1909), 6(J3. 

• S. A. Tucker, Electrochem. Ind. 7 (1909), 316. • 

’ P. and W. Mylius, Zeitsch. Anorg. Chem. 114 (1920), 27. 
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off most of the implj're film, leaving ^he purer metal7)eilow untouched. 
Wlien the extraction with fresh hydrochloric fleid ceases perceptibly 
to dissol. e Iway iron, the granules aro washed with watef? and then 
remelted, the whole purification being repeated uiitil the necessary 
purity is obtained. 

Compounds 

Aluminiiini i»;trivalent in all its compounds. The salts are 
colourless substances, except where derived from coloured acids. 

Aluminium oxide (Alumhui), Al^Os, is obtained when alu¬ 
minium powaer is heated in air. Like the oxides of, calcium and 
. magnesium, it is extremely infusible. Only the'^oxy-hydrogen 
blou'pipe or the,electric furnace can melt it. When obtained at a 
high temperature, the oxide is compacti, crystalline, very hard and 
almost insoluble in ackls. The hard naturally-occurring form of 
alumina (corundum) is also practipally undissolved'by acids, and 
evidently has been 'produced at a high temperature. When 
obtained, hqjvever, by igniting the byAvoxido at a low temperature, 
alumina Is dissolved by acids and also by alkijlis at an appreeslvhle 
rate. In this respect, alumina resembles beryllium oxide. 

The porous alumitia obtained by heating the hydroxide at 
275° C. is quite hygroscopic, and takes up a consiucrable amount of 
..water when exposed to damp air at the ordinary temperature. 
But this ajjpears to bo due merciy to adsorption, and not to the 
regeneration of the hydroxide, r 

The corresponding hydroxide, usually written Al(OH) 3 , is 
obtained when a hot sclutym of an aluminium salt is precipitated 
with ammonia. It is a white gelatinous preoipitatc„. which naturally, 
when separated on a filter, contains more water than corresponds to 
the formula Al(OH) 3 . By studying the expansion of an aluminium 
hydroxide gel on freezing, it is possible to distinguish between the 
combined water, and the water contained in the pores of the gel or 
adhering to the svhme of the mass ; resparches based on this 
principle appear to show that the composition of the hydroxide 
corresponds approximately to vhe formula AUOH) 3 , but that the 
substance contains a small exccs.s'^jf water in solid solution.'* When 
treated with dilute; Bodi,ijm hycoroiide, the gelatinous precipitate is 
"slowly eopverfcd to a crystalline variety, in which bar-shaped 
crystals are distinctly visible under the microscope.^ The crystal- 

* L. H. Miuigan, J. PhySy Ohem. 26 (192a), 247. 

* H. W. Foote and B. Saxton, J. Amer. Chem. 80 c. 38 (1916), 688 ; 39 
(19M), 1103. 

, • F. Ooudriaan, Proc, Amat. Acad, 23 (1920), 129; Rec. Trav. Chim. 41 
(1922), 82^ ^ 
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line fonn, drk*i alt 100° C., has the composition AljOa.SH.P or 

A1(OH)3.v . * . . • * 

The hyOToxide dissolves in acids, yielding; aluminiuiit ^Its, and 
also in alkalis giving aluminiites. Solutions of aluminates, however,, 
hydrolyse readily, the hydroxide being sometimes deposited spon¬ 
taneously, especially if the ^solution is exposed to air containing 
carbon ^oxide. Tlio hySroxide ]^cpared by the slow decomj>osi- 
tion of an aluminate solution is quite different m ajppeajance from 
that prepared by precipitation of an aluminium saft yitli ammonia, 
being cknse and granular, instead of gelatinous. When dried jit 
100° C., it has the composition AljOj.SHjO or Al(OH)t 3 ,‘and, unlike 
the dried gel, s not hygroscopic.' When heated it loses part of the 
combihed water at 225-236° C., but dehydration is only complete 
at about 1,000° C. 

The gelatinous form of atuminium hydroxide readily undergoes 
“ peptization,6 eolloidal solutions being produced. Dilute acetic 
acid, for instance, appears to dif,.solve it, yieldi^ig a liquid containing 
colloidal particles visible und^r the ultra-microscope ; this solution 
is flocculated by the addition of hydrochloric acid. Otoncentrated 
ace^c” acid, however,’(Ussolvos aluminium hydroxide, giving a true 
solution of the acetate.^ Aluminium salts also act as peptizing 
agents ; a colloidal solution is obtained by the action of aluminium 
chloride on the gelatinous hydroxide.^ The peptization is appar¬ 
ent!^ due to preferential adsorption of aluminium ions, for the 
colloid particles are fotmd to carry a positive charge. When washed 
quite fice from precipitating electrolytes by means of a centrifuge, 
aluminium hydroxide is capable of being peptized by pure water.* 

Like beryllium hydroxide, alurainium’hyifroxide i.s,quite quickly 
dis.solved by mineral acids when fresh ; but, if kept for some time, 
and especially if boiled with water, it becomes den^r and less 
reactiv(!. The diminished'reactivity is duo to the agglomeration 
of the original particles, ancf the consequent diminutiqn of the 

active surface. , 

* 

■' Aluminium salts are formed by lUssolviifg' the hvdroijido, or 
the metal, in the acid itiquired. The sulphate, is very 

soluble and fofms scleral hydratfis. When a solution containing 
potassium sulphate is evaporated imd alUywed to cool, a double 
salt, “ potash alum,” K.2S04.Al2(S04)3.24H20, whi* is much less 
soluble, crystallizes out in regular octahodra. This is « tnember of 

* E. Martin, Mon. Scient. 82 Di^5),’226. See al^i F. Goudriaan, Proc. 
Amat. Acad. 23 (1920), 129. t •• 

“ W. B. Bentlewand R. P. Rose, J. Amer. Chern. Soc. 35 (1913), 149U. 

» H. B. Weiser," J. Phya. Ghem. 24 (1920), 606. 

‘ R. Bradfleld, J. Amer. Ghem. Soc. 44 (1922)' 966. 
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a lary;e group of ijornorphous bodies, all of whiclf cfystallize in the 
cubic system. Thus, if a liolution containing amm^ura and 
aluminilihi* sulphates,is crystallized, • ammonia alUm is obtained. 
.Most monovalent elements can replace fthe potassium, and, on the 
other hand, a large npmber of other ^ivalent metals can replace the 
aluminium. Examples of a few typicd alums are given below:— 

'Potash alum . . .' K2S04.Alj(S04)s.24H20 

Ammbnia V.um . . (NH4)2S04.A1,(S04)3.24H20 

Caisium . . Cs2S04.Al2(S04)3.24H20 

Silver alum . . Ag,2S04.Al2(S04)3.24H20' 

Thallium alum .. . Th 2 S 04 .Al 3 (S 04 ),.atH 20 

Chromenalum . . K 2 S 04 .Crj(S 04 ) 3 . 2 iHj 0 , 

Irpn alum^ . . K.,S04.Fe2(S04)3.24Hj0 

All these substances crystallize in octahodra. One alum may bo 
deposited upon crystals of another ; for instance, ,an octahedral 
crystal of a colourleijs alum containing aluminium, if placed in a 
supersaturated solution of chrome al^m, will become covered with 
a layer of purple chrome alum in crystalline continuily with the 
colourless alumifiium alum below. ' 

Aluminium nitrate is soluble and somewhat deliquescent. The 
anhydrous chloride, which is, like the chlorides of calcium and 
magnesium, extremely hygroscopic, is difficult to obtain from the 
I solution ; when evaporated to dr 3 Tiess, the solution loses hydftgen 
chloride, the oxide being left. Aluminium chloride can,be made by 
passing chlorine over aluminium, or over aluminium oxide inti¬ 
mately mixed with carbon and heated in a hard-glass tube. It is 
quite volatile, sublimiiVg about 190° C. The vapour density above 
750° C. indicates that the simple molecules AlCl^ are present. At 
lower tempSratures—at yhich many chlorides would be solid— 
association to AljCle seems to occur. Blit this fact does noj compel 
us to cowilude that AljClj is a more correct formula than AICI 3 for 
the chloride in the solid and the dissolved state—as many chemists 
still seem to suppose. ^ 

Solutions aluminium salts of powerful acids react acid to 
indicators, indicating that hydrolysis occurs In the solution. This 
shows that aluminipm hydroxide j's a much more fgeble base than 
,_the hydroxide? qf the Wtals^of the previous group. When the 
chlo:pde or ^cetate solutions are evaporated, alumina can be 
' obtained; the oxide is also produced by heating the anhydrous 
sulphate. ‘ V . ^ o 

TJie fluoride, AIP 3 , ra obtained when the metal is dissolved in 
hyclroflnoric acid. By evaporation of the solution; and distillation 
Of the re^due in a curreift of hydrogen, aluminium fluoride sublimes 
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without decomposition; the transparent crystafe collecting in the 
receiver foijnd scarcely to dissolve in water. Various doublp 
fluorides are known ; the sodium aluminium fluoride, SlJaF.AlFj, 
occurs in nature as the mificral dyoHte. • 

The sulphide, AI 2 S 3 , is formed when, aluminium is heated 
with sulphur. Being thg sAlt of a weak acid and a weak base, 
hydrolysis is to bo expected whAi it is treated with water* In 
actual fact, it is found to be decomposed at onc,fj* when water is 
dropped on to it, hydrogen sulphide gas being evolv«l. Aluminium 
sulphide has been proposed as a suitable material from which the 
gas can be generated in the laboratory without the. use of acids. 
But, in prackee, such a method of obtaining hydrogei^sulphide has 
proved inconvenient, as the aluminium hydroxide produced hinders • 
the water, after a time, from gaining access .t(f the remaining 
sulphide. 

The nitride is formed when aluminium is strongly heated in a 
current of nitrogen. It is usually a grey, funorphous compound, 
which is decomposed by wajer, ammonia being Uberated. However, 
if the crude stride is heated in a tungsten tube vaouufh fprnaco at 
a very high temperature (e.g. 1,890° C.) and at a low pressure— 
conditions which favour the sublimation of the nitride—it is obtained 
in the colder p.'.rts of the furnace as “rosettes” of colourless 
hexagonal crystals. ^ The technical method of preparation of the 
nitride by the action of nitrogen on a mixture of carbon^and* 
“bauxite’’•is referrdtl to in the technical section. 

Carbide. At very high temperatures, aluminium combines with 
carbon, yielding a carbide to which t^e formula AljCj has been 
assigned. It is best prepared by heating aluminiurA powder with 
wood charcoal in a crucible. The presence of air is said to play an 
important part in the rcajition.^ The charcoal mixture is highly 
porous, and naturally include* much oxygen at the commencement 
ot the process. Apparently some oxidation of the catbon and 
aluminium is needed lo produce the intensely high tempentture. at 
which the combination of aluminium and carlion can corns about, 
for the less porous vafietics of carbon seem to bo less effective. 
The product contains, besides jlsminium carbide, both oxide and 
nitride. Alujijinium carbide reacts jwith w;itei^ producing methane 
(CH,), and a Uttle hydrogen, 

AI.C 3 + I 2 H 2 O = 4A1(«H)3 + 3CH,. 

Aluminates. Aluminium liydroxide disq/ves Readily in a 

solution of sodium or potassium hydroecidt?; the solution prodjjced 

♦ 

^ F. Fichter and G. Oesterheld, Zeitsek. Eiektrockefn. 21*(191.')), 60. 

* F. E. W^ton and H. R. Ellis, Trans. Faraday Soc. 4 (1906), 60. 
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conterins an aluramate, such as Na 0 H.Al( 0 |H) 3 *o^ Na[Al(OH) 4 ], 
ip which alumina seems to function & an acidip oxide. It is, 
however''a very feeble acid, and tho'aluminates ftre muchTiydro- 
•lysed, the solutions being always stS-oAgly alkaline towards indi¬ 
cators. Some chemcits have regarded them as colloidal solutions 
of aluminium hydroxide, the alkali bfeing supposed to act merely 
as ar peptizing agent; but care'ul ultra-microscopic study of the 
solution hus shqwn that if indeed colloid particles exist in the 
solution they are too small for detection with the ultra-microscope.' 
The fact that wlien metallic aluminium is gradually added t» a solu¬ 
tion of sodium hydroxide, the conductivity of the solution gradually 
diminishes uptil the atomic ratio A1; Na becomes equal to unity, 
' after which the conductivity ceases to decline further, haS been 
regardo'd.as evidence that a definite aluminate of the composition 
Na[Al(OH )4 ] is produced.^ This compound has never been, isolated 
in the solid state, but from solutions very rich in alkaK two separate 
crystalline aluminatec have been 'isolated, which apjiear to be 
definite compounds. The following fgrpiuhe have been assigned to 
these bo(Jies'by their discoverer ^ :— * ' 

4 Na 30 .;$A 1 .. 03 . 16 H 20 (diamond-shaped crystals) 
4 NajO.Al. 3 O 3 . lOHjO (needle-shaped crystals) 

Most of the “ aluminates ” described by early investigators were 
.clearly not chemical individuals at all, but mixtures. r 

The aluminates of the heavy metals are insoluble. They occur 
in nature as the spinel group of minerals, although tficy arc not 
very easy to prepare artificially ; the most important is magnesium 
aluminate, r. « 

llipinel . . MgO.AljOj or MgAljOj. 

« 

« 

Analytical ' 

Alumimum compounds impart no colour to the Bunsen flame, 
nor is any single strik^g reaction known which serves to characterize 
aluminium sfJts in aqueous solution. 

* R. E. Slade and W. G. Polack, Imrans. Farada^ Soc. 10 (1914), 150. 

“ T. Heyrovek))', Tr(fns. Ghem. Soc. (1920), 1013. Actually it is by 
no means easy to obtain sMutions^containing more alumiiKtim than corre* 
•sponds to the coAipbund Na[Al{OH) 4 ]. The alkaline solution ceases to act 
upon/irdina^y aluminium as so^n as the atomic ratio Al:Na reaches unity. 
• By the use of amalgamated alumipium, more aluminium hydroxide is brought 
(for the momeit at le^st) into solution^; ^ut the liquid produced is unstable 
and tends to deposirV^rystalline alliminiufn hydroxide, the conductivity 
increasing as the hydroxide re deposited. At 0® C., the liquid is more stable, 
and'the conductivity may be measured nt that temperature. Compare also 
tile work of H. Grobet, J. C^im. Phys. 19 (1922), 3^. 

* F. Gordriaan, Proc. Amst. Acad. 23 J1920), 129. 
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Nevertheless deteption of aluminium i/ solution, its 
separation froip other mellils, does not present any great diffioultj'. 
Alummium is n(}t precipitated by hydrogen sulphide in* aff acidified 
solution, but is precipitAed a^^hydroxido by ammonia in the 
presence of ammonium chloride. These fjjcts servo to separate 
aluminium from most pietals, except iron, chromium, the rare 
earths, uranium, beryllium, and a*few other metals, the hydroxides 
of which are precipitated under the same cire^imstancos. The 
separation of alumiinium from most of the metals mcptioned depends 
on th(Ffact that they have hydroxides which are uddissolved hyjwt 
caustic soda, a reagent which dissolves aluminium hydroxide 
yielding an^ aluminate. Beryllium hydroxide also dissolves in 
causfic alkali, but is reprecipitated on dilution and prolongedl 
boiling (see page 96). From the clear alumjnate soluthm, alu¬ 
minium hydroxide may a?terward8 be precipitated by acidifying 
with hydrochloric acid and once more boiling with ammonia. 

The separation of aluminium from chromium by means of sodium 
hydroxide i.s apt to b^ .incomplete and unsatisfactory. For 
(j^omium hydroxide alifo has acidic properties, althctugh the solu¬ 
bility in caustic soda at 100“ C. is very small. C^ursequontly many 
authorities recommend that the chromium should be oxidized 
to the state of»chromio acid, after which aluminium can bo pre¬ 
cipitated as hydroxide by the addition of ammonia, whilst chromium 
remains dis.solved as ammonium chromate. > 

Although the mehhods of separation given abovu represefit the 
’ standard procedure, circumstance.s are known in which they become 
very incomplete. For instance, if zinc is present in the solution 
from which aluminium hydroxide iJ pihcipitatcfj by means of 
ammonia, an Sppreciable amount of zinc may bo brought down 
along with the alumina ; in such a cqse, it may be'better to pre¬ 
cipitate the aluminium, not by ammonia, but by barium carbonate. 
The solution is placed in a flask, and sodium carbonate isiidded until 
a turbidity appear^; a few drops of hydrochloric acid .are then 
added to remove tlio turbidity. The solution is diluted, barium 
carbonate is added, a\d the mixture is shaken and aiteweef to stand. 
The barium carboiltito keeps the nydrion concentration so low that 
aluminium fj completely precipitated as hydroxide, or as a basic 
salt, but zmo remains in solution* 

When free from other metals, aluminium is almost always pre¬ 
cipitated by means of ammonia ^ th» hydroxide, which is afterward* 
ignited and weighed as oxide' (AljOa); care Just b8 taken that no 
precipitate is lost through spurting whim the water is being ^driven 
off. The ignflion can bo conducted in contact with the filter-paper. 

Before leaving the subject, some rerharks must 6e ^ade upon 
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the precipitation gelatinous hydroxide®. Upon tjtte addition of 
ammonijfc to a cold aluminium salt, no pfccipilate is usually seen at 
fil«t, sinei) A colloidal solution of the hydroxide is ^obtained,'which 
Requires to bo boiled before flocculatfon occurs. Even boiling 
may not cause complete precipitation unless ammonium salts are 
present. If the.liquid is filtered below precipitation is complete, 
hydrjixide may pass through the paper and be lost. Moreover 
gelatinous precipitate may be deposited in the pores of the filter- 
paper, and may 'so choke them that filtration’ becomes a very 
slow operation.' Even under the best conditions the gelatinous 
hydroxide “'filters slowly,” and is very difficult to wash free from 
soluble salts. But this 'washing must be completer even when 
,no other mefel is present in the liquid from which precipi&tion 
takes pkwe. For,, if the precipitate contains ammonium chloride 
when it 'is ignited and burnt, there 'is a great danger of loss 
of aluminium as the volatile chloride, AICI 3 . • 

Although the presence of a certam amount of ammonium salts 
is necessary for the satisfactory precipitation of aluminium hy¬ 
droxide, the precipitation from solutions -containing ufiduly large 
quantities' of anAnonium salts presents cons'idcrablo difficulty.^ 
Under these circumstances a form of hydroxide is produced on 
boiling, which, although practically insoluble in the filtrate (which 
contains ammonium salts), is capable of peptization by hot wa^r. 
Jf such a precipitate is washed with ordinary distilled water, the 
result" will he inaccurate, and the washing will generally be slow 
owing to the redoposition of hydroxide in the pores of the filter- ” 
paper. It is best to wash the hydroxide produced in the presence 
of large quantities of antmofiium salts, with a 1 per cent, solution 
of ammonium nitrate. This solution has no solverfc action on the 
precipitate, aiid when the,hydroxide is ignited, the ammonium 
nitrate is driven off completely, no lo.ss of aluminium resultifig. 

Aluminiym hydroxide can be brought down in a form which 
settles readily, can bo washed by dfcantatio'n, and presents no 
trouble in filtration,'if sodium thiosulphate Is used as> the pre¬ 
cipitant. ‘ Foir^etails the original paper shofld be consulted.^ 

* • < 

T|;rkjsstrial OciuK-nsucE 

'-Aluminiuin is'ofie of the commoner elements occurring in the 
earth. - Complqx silicates containing aluminium have crystallized 
out in all part?, of tlu igneous magkna. ^Of these the felspars and 

* S. L. Penfield and D. N.'-Hanper, quoted by Sir W. Crookes, “ Select 

MethoUs in Chemical Analysis " (Longmans). *' 

* J. £. dennell, J. inst. Metf 28 (1922). 
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micas, which RaT^<J already been mentioned in connection wijh the 
alkali metals, are, perliiaps* the most important. , 

Where Igneoos rocks containing comple^ silicate Aidhrals are 
exposed to the influence of’wSathering agents, the minerals undergo 
alteration. The more basic metals (sodium, potassium and cal¬ 
cium) are generally* dissolved out and pass into the rivers. This 
action causes considerable softeniAg of the whole rock-mass, ijhich 
tends to break up. But the aluminium is not soj'eadiiy brought 
into solution, and Sends to remain undissolved as particles of various 
hydrated aluminium silicates (“clay particles ”). Normally those 
will bo carried off in suspension in the running waW, but some¬ 
times they tire left behind as beds of “'residual clay ” at the 
position of the original igneous rock. * 

Most of the residual clays which are of inc^ustrial importance 
appear to have been fornuW by the action upon an igneous rock, 
not of meteoric waters, but of thermal waters and vapours of igneous 
origin. This lias evidently been the case iv Cornwall where old 
granitic rocks, very rich in .felspar, have become converted into 
the famous deposits of . * • 

Kaolin (China-clay) . . Al 203 . 2 SiC) 2 . 2 H 20 . 

Uncertainty, still prevails as to whether kaolin is a definite com¬ 
pound, although’it has become customary to treat it as such. 

It is noteworthy that the conversion of felspar to kaolin very 
often occurs in tin-b(^ring districts ; the ores of tin are also fosmed 
by the intel-action of vapours with a granitic rock.*^ 

In many cases—and o.specially in tropical climates like India— 
the decay of igneous rooks under the inflyencp of weathering agencies 
goes one step J^arthor, and silica is partially renJoved, leaving 
residual deposits rich in aluminium hydroxide. Most of the red 
earthy rocks known as “ Ipterites ” wiiro formed in this way (but 
some ofrthe deposits so called are no longer on the site of the igneous 
rocks from which thiy were formed, having been moved to their 
present position by tlje agency of running wat*r). The rod colour 
of latertte iS due to iron hydroxide, derived from thg,jamo igneous 
rocks. Where near^'all the, silica has been removed, we get 
bauxite, whi<jh is believed to contain the two'hydrated oxides. 

•Sibbsite . ! * . tSlfO^ls 

and Diaspore .... AlO(OH)i 
together with a great deal of iron hydroxide, ai^ a ceHain amount 
of residual silica. In the “ red •bauxites,” iron the edief impurity, 
and is, of course, the cause of the colc/hr. “ White bauxitps ” 
contain a large dmount of silica. • 

i * ’ a 

* Compare W. Lindgren, Trans. Amer. Inst. Min. Eng. 30 (1000), 614. 
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Bauxite, which*is, technically speaking,, the niost important 
ofe of aluminium, is found in the tertiary volcanjc rocks of the 
north oflreland, where it is clearly 'drived froijn the^acid lava, 
yhyolite. It occurs in larger qykntilics in the south of France, 
whilst very important deposits arq found in Arkansas, U.S.A., 
where it seems to be due to the dccajf of, syenites. It is probable 
that»tho French deposits—and possibly some of the American ores 
—are not *ho direct product of the weathering of igneous rocks. 
The French bauxites are found in limestones, and it is thought 
that thermal waters ascending from igneous masses belc»w have 
carried off aluminium compounds in solution, and have afterwards 
reacted with the limes'tones, producing aluminium hydroxide. 
Important deposits of bauxite also occur in British Guiana, Yugo¬ 
slavia ‘aijd Rumania. 

A rather exceptional product of tlio decay of felspathic rook is 

Alunite, or Alumstonc. ., K 2 S 04 .:iAl 2 (()ft) 4 S 0 „ 

which has already been mentioned in tl|,o section on potassium. It 
is found yi cCrtain regions in Italy, Hungary and the Ufiitcd States, 
being apparently produced through the weathering of silicate 
minerals containing aluminium and potassium, by waters contain¬ 
ing sulphurous or sulphuric acid ; the acids may* bo derived from 
the oxidation of minerals like pyrites, or may conceivably b^ of 
volcanic origin. 

In spite of the commercial importance of thd “ residual ” deposits 
of aluminium compounds, they are formed only under rather 
exceptional conditions. The greater part of the aluminium silicate 
produced whep the sodfum,' potassium and calcium are leached out 
of igneous rocks by water, is carried off, as fine Clay particles, in 
mechanical suspension (same authorities would say, in colloidal 
solution). The clay particles pass iqto the rivers and so ijut into 
the sea, v/here they arc dropped on to the bottom, forming fine 
mud, twme little ■wyiy out from the coast. A good many salts 
(notably potassium SUlts) are adsorbed from the sea-water by the 
clay bcloro Ttf settles ; in faof^ this adso/ption is probably the 
immediate cause of'the settling. In such tf way, “secondary 
clays ” are formejl. Later, (Juring the process oi* consolidation 
tf>f the clay-mud into mu^tone or shale, the silicates lose water and 
variops mfticjralogical changes usually take place in the mass. 

* Kaolin tend^ to disappear, »and. mica (in microscopic particles) 
takes its place, ^netijnes, oWin^ ts great pressure caused by 
eartjh-movements, the rock'comes to be converted to a slate; 
the pressure,causes the mineral particles to arrange themselves with 
tlieir longer axes in the direction perpendicular to the direction 
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of the pressuA, And the rock aaSumes a “ slaty JIleavage ” recalling 
the cleavage 6f crysl'als,',although due to a rather different‘cause. 
Finally, -wihen the mineralggical changes caused by heatnni pressube 
become so marked that flakes of mica can be recognized by th^ 
naked eye, the rock is called a mtea schist. 

Clays of sedimentary origin—even when' comparatively recent 
and therefore stUl soft—are naturally more variable in composition 
(containing many other substances besides kaolinite) thg.n the*clays 
of residual origin*. ’ 

A fgjv more important aluminium minerals muaf be mentioned. 
In certain igneous rocks, and especially near the ed^o of the'in¬ 
trusive masses, we find the oxide • 

• 

Corundum . . . . Al-Oa 

and the magnesivim alumiifato 

'Spinel .... MgO.AljO„. 

* 

The crystallization of the fr^^e oxide, AI2O3, is only to be expected 
where the igneous magma is unusually weak in sili«a. It is not 
surprising to find that corundum occurs especially where igneous 
rocks are in contact with limestone, the magma having, no doubt, 
become rclAtively weak in silica through interaction with the lime. 
For instance, in the Haliburton district of Ontario, there is evidence 
of such interaction ; for the granitic rocks become abnormally low 
in silica where they*come in contact with limestone, often passing 
■gradually into nophclinc-syenites. It is significant that the rocks of 
the same district contain an important quantity of corundum.^ 

The choicer specimens of corundufli atid spinc^ are valued as 
gemstones f rtSi varieties of corundum are known as “ ruby,” and 
blue varieties as “ sapphire.” A common 8moky-*black impure 
variety, which usually cc^ntains magnetite, is known as “ emery ” 
and forms a valuable abrasive. Many beds of emoy are not 
of igneous origin, ifaving cVjarly been derived from bauxite by 
dehydration. * •* 

An important mirlpral occurring in Ureenlanth vs tHo double 
fluoride, * 

^'X!ryolite N^aAlF,. 

It is a transparent mineral resembling ice (hence t'he' najne : xgvoi = 
frost, AtSo? = stone). It occurs ink'll large bed in k granitJe vein 
penetrating gneiss. 

* P. D. Adanai and A. E. Barlow, ,Co?iadfan Qeol. Sun., Mem. 6 (19l0y 227. 
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MbTALLUEGY, XBCHNOLOOI' and uses 
Manufacture of MetaljIcf'Aluminium 

Practically the whole of the aluminium metal now manufactured 
is derived from l)auxite, although recent attempts to use felspar 
in Nijfway ^ and clay in Germarty ^ are of great interest. Since 
bauxite coqtain^. besides oxide of aluminium (alumina), oxides of 
iron and usually silica, besides minor impurities,* the metallurgical 
pr(jcess can be divided into two stages : * 

I. The preparation of pure alumina from bauxijto. 

« 

11. The a’cctrol 3 rtic production of metallic aluminium. , 

• 

I. Tl«e Prepairation of Pure Alumina. The need for abso¬ 
lutely pure alumina is made imperative by the fact that aluminium 
in the metallic state cannot be refined ; hence the nmtorials u.sed 
for its preparation m^st be free from reducible impurities. The 
removal of iron is especially importuipt because aluminium con¬ 
taining much* iron is apt to bo brittle, 'fwo methods itco used for 
obtaining pure afhmina :— ' * 

(a) Bayer’s Process, suitable for the so-called “ red bauxite,” 

in which iron is the chief impurity. • 

(b) Serpek’s Process, suitable for “ white bauxite,” wh^ch 

• ^ contains a great deal of silica. 

(a) Bayer’s Process depends on the solubility of aluminium. 
oxide in caustic alkali. The ore is finely ground, calcined and again 
ground ; it is then treaty with strong caustic soda (specific gravity 
1-45) in an auRjclavc at 150° C. for some hours, jllhe aluminium 
oxide is dissplved, forming sodium aluminate, whilst the iron, 
under these conditions, remfiins as insoluble oxide. The solution 
is run out of the autoclave, and diluted considerably, thfe iron 
oxide and*other insoluble matter being filtered off. The diluted 
solution*is now agkated in an autoclave, .and slowly suffers 
hydrolysis, algmina being precipitated ; a small quanfity of the 
precipitate from a previous run is«.otivilly adae(l in order to provide 
nuclei for the process, but neventljeless the hydrolysis requires 
thirty-six hours. At’thiicnd of tHat period, 70 peAsent. of the 
aiumiria has beeft Jfrecipitated, and is removed by means of a filter- 
press, *dried, spid calcined, yielding anhydrous aluminium oxide. 

* See J. T. PattisonSl' Alqjninium ’* (8poa, 1918); J. Escard, " L’Alu- 
minium dans I’lndustrio^' (Dtaod & Pinat) ; G. Mortimer, " Aluminium ” 
(PitmSli, 1919). 

* See J. Inst,Met. ai (1919), 455. 

* Board of^Trade J., Jan. 17, 1918 
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The caustic so\ia*9olution^ still containing some j^uminate, is evapo¬ 
rated under reduced pressure until the specific ^avity is opce more 
1 -46, wheft it ckn be used foi>extracting fresh bauxite. *Tlfi8 proce’ss 
is not very suitable for bauxite containing much silica, because 
inuch aluminium is liable to be precipitated in the soda solution as 
an insoluble sodium aluminium silicate, and will, then be filtered 
off along with the iron. 

(6) Serpek’s Process is considered cspeciplly suitable for 
highly siliceous bauxite, although considerable difficpltios have been 
met with in putting it into operation; the method h^as one great 
advantage, namely that it produces not only alumina, but also 
ammonia, Serpok’s process depends on the fact that bauxite, 
heate’d with carbon at about 1,800° C. in a current of nitrogen^ 
gives aluminium nitride, 

•» 

AUOa -f 3C -b N, = 2A1N + SCO. 

The silicon is also reduced to #he elementary state, and being vola¬ 
tile at the temperature in question, passes away. 

^The process is conveniently carried out in slowly revolving 
cylindrical kilns, sir&ilar to those used in the cement industry ; but 
owing to the high temperature needed for the formation of the 
nitride, th5 heating is accomplished electrically. The nitride can 
afterwards be decomposed by water with the production of am¬ 
monia and alumina. 

All! -t- - A1(0H)3 -b NH„ 

but actually it is quicker to dissolve it in caustic soda, and to 
recover the alumina by hydi'olysis of the sgdium aluminatc formed, 
as in Bayer’s pjocess. ’ 

It is noteworthy that Sorpek’s process works bette*’ with impure 
bauxite than with a pure.mineral. One of the impurities, probably 
iron, serves as a catalyst for the reaction. 

II. The Electrolytic Production of Aluminium. When pure 
alumina h?is been obtained, the next step to reduco.il to'the 
metallic state. This ^ invariably accompMshed by»*<!ie elbetrolysis 
of a solution of alumina in fused cbyolite, NajjAlF, (a mineral which 
itself contaiis aluminium). Tifie furnace^ (Fig. 16) in which the 
electrolysis l^carried out consists of an iron tankj usually lined with 
refractory material having a low conductivity for heat* and having 
an inner lining of carbon. The be<J* of carbon, C, fet the Bottom* 
serves as the cathode, wjjitet'the carbon t^cks,‘A, which are 
suspended from above, and are'capable #f b^ing raised or lowered, 
constitute th(W anodes. . 

Cryolite, when pure, melfe at 1,000°'C., but' the ‘melting-point ^ 
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is somewhat reduJUd by the pre^nce of alumfila.^^ The electric 
current ,has to perform a double functif)n. 'Firstly, it maintains 
tBe tempft-ature high enough to keep the*bath fused', andfsecOndly, 
it causes the electrolytic decomporftiin of the’ alumina. The 
immediate products of decomposition are molten aluminium at the 
cathode, and oxygen at the anode.' 'Aluminium is a little heavier 
than ^the fused bath, and therefore collects at the bottom. In 
some places thg^ furnaces are periodically tapped, the molten 
aluminium bein^ run off through the hole T in the’base into moulds ; 
at other works, it is customary to remove the molten metal bywneans 
of ladles introduced into the bath from above, one of the anodes 
being usually raised out of the way during the ladling process. 

, The oxygetf produced at the anode attacks the carbon etf the 
electrodes yielding ^ carbon monoxide and carbon dioxide. The 



9 • 
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Fig. Ifi.—Klecti'olyde Proiluetion of .‘tliiminTum. 

« 

proportion of the gases depends on the tenrperature. There is mere 
carbon monoxide (and less carbon dio^de and oxygen) in the gases 
coming off at 1,055° C. than at 945° C.; it follows that the electrode 
consumption will be Ibfs at the lower temperature.^ Whatever the 
temperatare, Ji^wever, the electrodes will certainly be consumed 
very rapidly, and a factory for ^irodueing ele«trodes is therefore 
usually established close to each Slnminium works, f Seeing that 
aluminium—as statSd aVove—toniiot be refined, if* fs essential 
tS avoid inlfoducfton of impurities in the electrodes. They are 
'isuall^ made df a special petrdjeum coke having a low ash-content.* 
As electrolysis pri^eds, the difsolve^ alumina becomes partly 
used up, and fresh alumina<|nu^t be added from time to time. Should 

* K. Seligman, J. Inst. Met. 17 (19,17), 141. * 

* W. RoseuhE^, J. Iky. Soc. Arts, 68 (1920), 793. 
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the bath becoiAe exhausted in otide,"'fluorine w4J^e evolved instead 
of oxygen; ev’en in norms,! working, a little fluorine is l(^st,’ and 
aluminiumafluoHde is added, occasionally to make up Sor .the loss’. 

It is a common practice 'to ikeep the surface of the bath covered,, 
with powdered coke, so as to redube the loss of heat by radiation. 

As a rule, at an aiuminiuni Vorks, 30-50 furnaces will be joined 
in series, and about 6 to t volts is'^allowed for each furnace, so that 
the E.M.F. applied to the series is of the order of 200-350 volts. 
The current required will vary with the size of the furnace, but is 
usuallyJargo. One American installation was designed to send 
20,000 amperes through each cell,^ whilst a German' plant near 
Cologne .started during the war was designed for 14,500 amperes.^ 
The arirront efficiency i.s usually fairly high, considering what a, 
reactive metal is being prepared. At one American work# 90-95 
per cent, is said to be obtained, but, at some Ehropean Works, the 
yield correspqpds to a current eflicicncy of under 70 per cent. Since, 
however, the P.D. applied to tvich cell is nearly 7 volts, instead of 
the theoretical 2-8 volts, the energy efficiency is much lower, com¬ 
monly 25-41) per cent. , ■ „ 

In view of the largo- amount of electric energy needed for the 
smelting of aluminium, the industry is mainly restricted to districts 
furnLshed with water-power. The alumina prepared from the Irish 
bauxite, for instance, is electrolysed at a works near the Falls of 
Fo^er in Scotland. The centre of the world’s aluminium industry 
was formerly Franco,.on account of the rich bauxite deposits oJ that 
•country; but at present the American works (mostly situated at 
Niagara) supply the greater part of the world’s requirements.'* 
Several German works were started ciuring the war, which were 
dependent on caal or lignite for power, but it is doibtful whether 
manufacture based upon ])ower produced in that way can prove 
rcisanerativc under normal conditions.* Much aluminium is in 
normal times produced in faiwitzerland. 

Uses of Aluminiftm and'the Light Allots. The properties 
of aluminium which determine its practical employment are 

% ti V> ’ 

(1) Its lightness ; -> 

(2) its q{iemical reactivily-’and affinity for oxygen at high 

tcifiperaturcs; and^ , , 

(3) its pow&r to withstand corrosion and retffin ^ts lustre iif 

air at low temperatures. * ' 

9 

« * ’ 

* J. W. Bioharda, Min. Ind. 23 (1914), 18. ) 

* A. J. Allmand and E. B. Williams, J. Soc. uhem. Ind, 38 (1919), 3468, 

“ J. W. Bioharda, Me^. Ghent, gng. 17 (1917), 269. , 

* J. Soc. Ghent. Ind. 39 (1920), 135e ; 40 (1921), 380b. 
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With regard to^he first property, it is t|ie hgh^st of all the 
metals i(i daily use, and this would at once suggest its use in aero- 
plane-buMftig, and for other purposes where weight 6iust<)e rddueed 
<io a minimum. But, for all construelioAal work, the total weight of 
metal needed is determined not merely by the specific gravity but 
also by the strength, since clearly, if the material is a weak one, stouter 
piecej will have to bo employed.* Now, although pure aluminium 
is by no m^ans ^he weakest of metals, its strength can be increased 
greatly by a.lloving certain other metals with it,"and consequently 
alqminium allo}^ are generally used in the place of pure ali,i«iinium 
where a miniqium weight is required. 

Some of the light alloys advocated before and during the war 
.were not founll to fulfil the claims of their supporters. As a nSattor 
of fact, many medals, when added to aluminium, although strength¬ 
ening it considerably, reduce the ductility unduly. An important 
exception is zinc, which when added in any proportion up to about 
18 per cent, forms an flloy consisting (if slowly cooled or annealed 
so as to obtain equihbrium conditions) of a single homogeneous 
solid solutiom^ It has been stated that*an alloy with 13 per cent, 
zinc has a‘ductilify (as measured by the elotfgation) nearly as great 
as that of pure aluminium, whilst it has about twice the strength 
of the pure metal.^ Small amounts of copper are .also lidded with 
advantage to the alloys of zinc and aluminium; it increases the 
tenacity and rigidity. 

Th6 earlier German Zeppelins were built erf a light elloy with 
a strength only slightly inferior to that of mild steel; later, alloys ‘ 
were used, in this country, for the construction of aeroplanes with 
a very much greater strength. Tho following alloys have been 
recommended by the workers at the National Physical Labora¬ 
tory ’:— ' 

For castings, A1 82J-85|%, 2ii 12-15%, Cu 2|% • 

For* rolling, A1 77%, Zn 20%„ Cu 3% 

The’adeition of smatlrquantities of magnesiufii (0’5 ptv cent.) to 
some of l5iese«tJloys has been found advant£/'eous. 

Many of the alumiivum alloys ebntiining zin<>—although possess¬ 
ing very valuable m^h^,nical proj^ies—are somewhat liable to 
corrosion ; morqo^er the;^ lose tfteir strength at high itehiperatures. 
jtuch work has been carried out in the investigation of classes of 

* * For equiUbriiun dirf^ram see h. Haoson and M. L. V. Gayler, J. Inst, 
Met. (1922). ColnpareV. Roaenhain dlid*®. A. Arohbutt, Phil. Trans. 211 
[A] (1911), S16; 0. BauSr aqfl O, Vogd, MiU. Kgl. Mat. PrUfungsamt, 33 
(1916)t> 146. , 

• H. Sohirmeister, $tahl «. Eisen, 25 (1916), 660. 

• W. Roaenhain, J. Soy. Soo. Arts, 58 (1920), 805, 819. 
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light alloys which* are not open, to* these obje'/lions. Alloys of 
aluminium with’ copper, oi*^ witK' copper and lAckel, have pven 
results-in s^jme'respects Copper produce* a, J;reatef 

effect on aluminium than doc^ ziuo, 6 per chnt. of copper having, 
a hardening action equal to that of 1^3 jwr cent, of zinc ; but copper 
produces a considerable deerf^ie* in the ductility. ^ .One of the best- 
known light alloys is callecl “ duraiumin ” ; it contains 4 per cent, 
copper, 0-5 per cent, magnesium and 0-5 per cent.^manganese. 

A large class of light alloys are those containing magnesium as 
an important constituent. The addition of magnesium (up to 19 
per cent.) to aluminium increases the hardness and tensile strengtli 
without seriously affecting the ductility.^ One of the earliest 
of theelight materials to bo introduced (“ magnalium*’) consisted 
essentially of magnesium and aluminium. Simply binary, alloys 
of this character are no longer in favour, but •alloys cthitaming 
aluminium and magnesium along with other elements, such as 
silicon, copper or nickel, have their supjwrters. A material known 
as “ Y-aUoy,” containing 4 pgr cent, copper, 2 per cent, nickel and 
1J per cent, jnagnesium, h*^ received special commentlation. ’ 

Certain alloys of aluminium, notably those contaihing magnesium 
and silicon, have the property of “ age-hardening ” ; when 
quenched these al^loys are soft, but become hard after being stored 
for a few days.^ The cause of age-hardening appears to be con- 
necti'd with the separation of very small particles of some hard 
constituent^within thewgrains of solid solution of which the maUrial 
io composed. It may happen that the rapid cooling may render 
the solid solution supersaturated with regard to one constituent. 
During the quenching, there is no tim(;*foiitho constituent to bo 
thrown out as i» separate phase, but when the allof is stored at 
ordinary temperature, this constituent is ])rccipitate(l as a very 
large number of minute patticlcs, probabTy of colloidal size. If the 
constituent precipitated is itsdlf fairly hard, the presence of these 
particles greatly interfcros witjf the deformation of the Aaterial; 
for the presence of a hard particle on any piaffe along wly5h slip 
might occur in a homogeneous crystal, necessarily prey^jits the two 
halves of the orystaUfrom glidingffOvor one another. Now if the 
particles prod’joed are very snalll and therefore very numerous, 
nearly all platies of possible gliding •'ill be<obsfrtioted in this way) 

• 

> M. Waehlert, Met. u. En. 18 (1921), 2(W. 

* See curves given by Hanszel, Zcifsch. iMelallkumle 13 (lte21), 319. 

* W. Rosenhain, S. L. Archbutt andiD. Hanson, Erilfineerii9g^ 112 (1921), 

013, 044. . • * 

* D. Hanson and M. L. V. Gayler, J. Inst.'Metf 26 (1921), 321 ; 27 (19*!2), 

207; Z. .Toffries aJid R. S. Archer, Mel. Chem. Eng. 24 (1921), 1057; 26 
(1922), 249. * ... 

M.O.—VOL. It. 
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and consequentljji the hardness «md strength of iSie material will 
incret^e with age.' It is noteworthy tljht if the vely small particles 
'afterwe rde coalesce to form a smaller, pumber of large jpartioles, the 
interference with gliding will decrease, since a Smaller number of 
possible gliding-planes will be‘'obstructed; this occurs in certain 
alloys of aluminium and zinc, in whiOl^the hardness increases quickly 
after quenching, and then falls again. 

■fhe composition of the small hard particles which appear during 
“ age-hardening ” varies in different cases. The hardening of alloys 
wth magnesium and silicon is due to the appearance of Ahe com¬ 
pound MgJSi, whilst that of duralumin seems to be connected with 
CuAlj. Both compouitds arc much more soluble at 600“’ C. than 
at lower temperatures, and thus the precipitation of the substances 
in the quenchojl alloys on storage is not surprising. 

The light aluminium alloys are used to a very considerable extent 
in automobile construction. In America the starrdard alloy for 
motor castings is said to be a binary alloy composed of 
A1 92%, C.J 8%, 

whilst in this country an alloy containing zinc as wfeU as coppp’’, 
A1 87-90%, Zn 8-10%, Cu'2-3% 
is preferred.' In general, wherever there is ireqvxint stopping 
and starting of any object, a saving of energy will be effected by 
making that object as light as possible.^ It needs, for instance, 
less" energy to start an electric train with the metalUc. parts made 
of an aluminium alloy than a similar train in which steel is employed. 
For a similar reason, the employment of aluminium alloys in the 
construction of bicy->lesi and other road vehicles, agricultural 
machines, artificial limbs, the moving parts ofs sewing-machines 
and similar objects, is perfectly rational. In the case of fixed 
objects, how'cver, the use of aluminium is less justifiable. A bridge 
constructed of aluminium alloy could—it is true—have spans about 
three times as long as a similar bridge of stee', owing to the lightness 
of the former matflrial; but, in spite of that fact, the steel bridge 
will ahnos* certainly be cheaper, and wrobably more reliable; 
there is no advantfige in usin^'aluminium fc-r such purposes. 

Another use of aluminium iS do replace coppqr for electrical 
purposes, especially for tranamission lines and fdk "telegraph and 
telephone "wires.® Here pure aluminium is generally employed. 
The-specific(iConductivity of aluminium is less than that of copper, 

‘ E. a Hill, Meeh. 68 (1920), 169. 

' >W. Roeenhain, J. Soc. Ghem. Ind. 37 (1918), 340b. 

’ E. V. ^annel)^ J. Amcr. Innl. Me.t^ 9 (1915), 167 ; Wunder, Zeitsch. 
Mrlallkunde, 13 (1921), 179. 
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and consequent!/a* stouter conductor w required nevertheless^ on 
account of the low specific Jp'avity of the aluminium, the v^eight 
of aluminiuni deAianded for ,& line of given conductivity is only * 
half the weight of 'copper. (3o]»scq«ently the‘cost of the material 
for a lino constructed of aluminium /ill be less than a line of copper 
of equal resistance, v4ienever ||;Ae’ price of aluminium is less than 
double the price of copper. On tbe other hand, aluminium Jjas 
certain practical disadvantage.s. The making of joiqfis is far more 
difficult with aluminium than with copper. FurtheAjioro, there is 
•—in alur^jnium—a distinct danger of oorro.sion, espfecially at the, 
joints, where corrosion couples may be set up. ' 

There is a considerable future for aluminium in the electrical 
industry, in spite of the comparative dilliculty in makii^ good con¬ 
tacts between aluminium conductors. Aluminium ^viro has* been 
used extensively for winding coils. On aceountf of its lightness 
it is specially sqjtablo for winding the moving coils of dynamos and 
motors. 1 For the fixed coils, there is less ad^^antago in using the 
light metal. , 

The ajjplioistious of alumiftium depending on its chemical pro¬ 
perties ne<!d only shortly* be referred to. Chiefly Ai the fbrm of 
dust, it is often used instead of zinc, in metallurgy, for precipitating 
gold and silve» fi jqi cyanide solutions. It is also used very largely 
as a deoxidizer for steel and other metals, being added to the metal 
previous to casting, in order to combine with the o.xygen which 
would otherjvi.se cause«intorgranular weakness. * 

•Advantage of the affinity of aluminium for oxygen is also taken 
in the thermite welding of steel, especially useful for tramway- 
rails ; a mixture of aluminium powder *nd»iron oxide contained 
in a funnel-shapct* crucible lined with magnesia, is allowed to react 
according to the equation, ^ 

2A1 -I- Fc* 203 ^= AI 2 O 3 -f 2Fe. 

The reaction is started J)y means of a stick of magnesium ^hich is 
pushed into mixture and lit by a match. The gf^at heat gcqelated 
by the reaction serves to raise the temperature far above tjje melting- 
point of iron, and the jiielallic iron produced by the reaction is in a 
very fluid state. When the wholj »naterial Is molten, a plug at the 
bottom of the »i}lcible is withdrawal, f^id the.molten iron is allowed ’ 
to flow round the junction of the rails or bars to be it'eftied»together, 
the junction having previously been surftiunded by a n|ould of>re¬ 
fractory earth, which serves to re^ahj the molten iJon in position and 
to retard the cooling; when* the.whole fiaa tolidified, a.strong 
join is obtained. , 

* Compare P. Askenaey, Zeitsch. Ekktrochem. 22 (1916), 294.^ 
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A similar reaction is sometimes used for the 'prtiparation of such 
metals as chromium and manganese^'fronl their* oxides. 

Tn«V, intense heat of oxidation of, aluminium if has-been used in 
explosive mixtures.' Ammonal, for instance, contains aluminium 
powder, ammonium nitrate alid a high explosive such as trinitro¬ 
toluol. Whep the'mixture expicO^s, the aluminium is oxidized 
by the ammonium nitrate, and the temperature becomes very high. 
Ammon^tl is essentially a heat-producing explosive. 

Seeing that"-there are so many uses of aluminium which depend 
on its affinity for oxygen, the applications which arc ^sed upon 
the alleged non-corroding nature of the metal require to be carefully 
considered. As already stated, the non-corroding character of 
aluminium' is connected with the oxide film upon the ►surface, 
and in therefo^jp less to be relied on than if it were a specific property 
of the'metal itaolf. The metal may prove perfectly immune to 
corrosion for a time, and then suddenly fail owing to some appar¬ 
ently trifling altora^on of the conditions. For instance, aluminium 
has been largely used in German breweries as a material for various 
large ves.sQls employed in brewing, and fias normally proved entirely 
satisfactory. 'But, at one brewery, a small, thermometer happened 
to get broken, and a few drops of mercury came in contact with 
the metal. Failure quickly followed. ^ . 

Aluminium vessels arc used with success in industrial organic 
chemistry, especially in the manufacture of glue, gelatine, and vari¬ 
ous organic acids, One advantage over other metals is that even 
if slight corrosion does occur, the salts of aluminium are both colour¬ 
less and non-poisonous, and do not spoil the products. For the 
same reason, the use of#aluminium vessels in cookery has proved 
satisfactory^, although aluminium is by no mosns unattacked by 
vegetablc'juices, which have usually an alkaline reaction. 

The point to ensure, however, is that the corrosion which does 
occur shall be of a uniform character and spread ovei' the whole 
surface. If pitting occurs, an a^uminiuni vessel may quickly be 
perforated even tSiuugh the total amount of metal oxidized is small. 
It is fourv* that cold-worked aluminium-^probably owing to varia¬ 
tions of the poteijtial at difletenh parts of the surface—is corroded 
in a particularly objpctionable tminner, local bulgmg and blistering 
of the surface being produced.^ ' The bulging is probably due in part 
to the intemat stresses always present in cold«rolled metals, which 
stresses ce^se to balance''one another when the outer layer of the 
metal has* been removed by oirrosion; the deterioration of cold- 
worked metal due to t(f is cause has already been discussed in Volume 
f,' Chapter II. It is certainly found that cold^workod aluminium 
' ' » K. rfeyn, J. Inst. 'Met. 12 (1914), 20. 
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articles, if properly’ aivieal^ so as to remove internal strokes, 
generally corrode in a uniforni and comparatively harmless mayier.^ ^ 
There may, ItewovOT, be othey "causes for the J^listering and fitting 
of aluminium sheet. It occasionally 'occurs even in thoroughly 
annealed aluminium, and seems,then to be ponnected with the 
presence of minute §as-cavittes with which aluminium sheet is 
usually permeated. If water or Solution gains access to tl^ese 
cavities, the formation of aluminium hydroxide may oc«ur, and, 
as this is more voluminous than metallic aluminium, fcjsal expansion 
and blist^ing must occur.'® Moreover, the presence of thy corrosiorv 
product—in any form other than that of a waterpioof coating 
extending over the whole surface—appears* actually to bo favour¬ 
able to corrosion, for the reasons suggested in Chapter jAV (Vol. I). 
Therefore, when once corrosion has fairly started on»the site bf one 
of these gas-cavities, it continues to bore down inlfo the mefal until 
the sheet becomes perforated. 

It should be mentioned that’ the corrosion of aluminium can 
largely be avoided by treatraoiit with a suitable paint or varnish. 
«'rherc are ^veral other problems to be overcomj in’eonneotion 
with the general employment of aluminium, mostly caused* by the 
existence of the oxide-film. It is somewhat didicult to solder 
aluminium, a? no Sux is knowm which will dissolve away the oxide 
in at^ entirely satisfactory manner, and thus allow good mechanical 
continuity at the joint. In practice, it is necessary to remove the 
oxide-skin by abrasioli.'’ Even when the soldering has been 
satisfactorily performed, and the article is put to use, the contact 
of the solder with the aluminium is liable to set up a “ corrosion 
couple.” The welding of aluminium has !tlsoPresented,diilieulty, on 
account of the presence of the oxide-film, although devices are known 
by which this difliculty can, in many ca.s9s, be overcome.'* 

Similarly, it is very difficult to deposit an adherent coating of 
another metal- nickel for instance upon aluminium by.electro- 
lysis, although a good'method* of nickel-plating upon alumjniuni 
would overcotne many of the corrosion troublbs which hare been 
described above. Methids by which the surface is tAated with 
hydrochloric acid, pofassium cyamde, or (ifhor corrosive substance 

* E. Hoyu Bauer, Mitt. Kgt. Mtut. Prujamgst^nt, 29 (1911), 2. 

“ R. Seligman aiK.*P. Williams, J. Inst. Met. 23 (19J0)f 15J), especially 
p. 168. The further views developed by tfigse writers who think that the 
cavities act mainly through retaining hydrogen poroiyde—wltich is atSonce 
the product of corrosion and the pre^dter of it—are not altogf|<.her free from 
possible objections; however, tire paper deserves careful study. 

“ E. Andrews, Amer. Machinist, 54 (1921)« 16'Je. ' , 

* C. E. Skinner a«d L. W. Chubb, T^ans. Amer. Klectrochcm. Hoc. 25 (1914), 
149. See also Chem. Zeit. 83 (19W), 880. Also'J. Esesrd, " L'Aluminium, 
dans I'Industrie ” (Dunod and Pinot), 1918). 
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jusj before nickel-plating, have been desoribeitf, Wt are not con¬ 
sidered entirely satisfactory ; more recently ferric chloride has been 
advocated for the preparation of the aluminiuiu. K is probable 
that the main function of “the'corrosive substance is to produce 
pitting on the aluminium surface, and that the nickel deposit thus 
“ interlocks ” ^ with the aluminiuny This being the case, it is 
natural to consider whether the pitting could not be produced more 
conveniently by mechanical means. Recently a process ^ has been 
worked out i,u which the aluminium is first foughened by moans 
,of a high-preSsure sand-blast, a rather fine variety of s«.nd being 
used. Afterwards it is nickel-plated in an ordinary plating bath, 
and good adhesion is said to be obtained. 

It has been stated above that the oxide-film upon alu'fninium 
occasionally makes it rather difficult to obtain a thoroughly good 
electrical contaefi-with that metal. Advantage is sometimes taken 
of this fact to obtain an insulating layer on abiminium wire. 
The wire can be corered with a film of considerable resistance by 
anodic treatment in a solution containing borax or sodium silicate, 
a high voUago (200->400 volts) being “applied to the bath. 
character of the film produced upon the altinlinium wire has already 
been discussed in the section on valve-action (Vol. I, page 389). 
Aluminium wire treated in this way can be used, rVithout further 
covering, for winding coils in which insulated wire would usually 
bo employed. The film will withstand voltages up to about 200 
voRs without appreciable electrical leakage at low temperatures.* 
The insulation is apt to break down if the wire becomes unduly hdt. 

The light alloys in which aluminium is the main constituent 
have already been discifssed. Another important alloy of alu¬ 
minium, namely aluminium bronze, which corRains only about 
10 per cent; of aluminiunj and about 90 per cent, of copper, will be 
discussed in the section dealing with copper (Vol. IV). 

Alunrinium Leaf and Powder. Aluminium is to a consider¬ 
able /extent eonvqrted to the foriii of fine leaf, which is largely 
emploj^ed for the wrapping of chocolate. It is also reduced to 
powder, which finds applicatioij both as afpigment and —as already 
stated—as a chemical reagent. ,^Aluminium oronzo powder is also 
a useful pigment;.' Various meffiods are used f(?'t j)reparing the 
powder.* Where it is intended for employment..'iS a pigment, it is 
best to start with aluminijim in the form of leaf or paper, which 

I' , • , 

‘ L. Guillot and M. Gasnior, Oomple/ltind. 170 (1920), 1253. For a new 
chemical’method of trdktmpnt, fiee A.'Mazuir, Ann. Ghim. Anal, 2 (1920), 335. 

h C. E. Skinner and L. W. Chubb, Trans. Armr. Electrofhem. Soc. 26 (1914), 
137. , . 

* Mech. World, 60 (1916), 29. 
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receives commirfufion in a special foito of stamp’ mill. This pro¬ 
duces microscopic flak& wh^jch are very rauch,thftiner in one (IImc- 
tion than ii% the'others. It p necessary to add wax or «tej,Mne to 
the mixture to pfevent the ^ivrtioies from welding together. The , 
aluminium powder then passes thrcfcgh a special polishing machine, 
where the surfaces of-the flakej fcdquire a high flolish'.^ The polishing 
operation is somewhat dangerous, jhecause the fine dust, when sus¬ 
pended in air, forms an explosive mixture, and several sefious 
explosions have ociJurred at the mills through the ignition of such 
mixtureii^ probably by an electric spark from the michinery. The 
danger is certainly increased by the presence of moisture in the air, 
and of carbide in the metal; for moisture,acts on piue aluminium 
producing hydrogen, whilst if carbide is present, it is attacked yet 
more rapidly, hydrocarbons being evolved.^ 

Aluminium paint has proved excellent for protecting iron-work 
from rust. Owing to the high coefficient of expansion of aluminium, 
the paint does not crack wherk the iron-work becomes hot, as do 
paints containing non-metalljc pigments. 


Manufacture and Uses of Aluminium Compounds 

In addition to the use of bauxite as an ore of aluminium, a certain 
amnunt is used as a refractory for the lining of furnaces. A larger 
quantity is used in the manufacture of aluminium salts. Pure, 
^aluminiunf salts can be prepared from the purified alumina, ob¬ 
tained from bauxite by the methods which have already been dis¬ 
cussed. Another useful source of the soluble salts is the mineral 
iUunite . K,S 04 . 3 (A 10 * 2 «O..OH/), 

a basic sulphate which is soluble in sulphuric acid. .The solution 
on cry.stallization yields * potash alum, K2S04.Alj(S04)3.24H20, 
which, Tbeing less soluble thftn most of the aluminium salts, can 
readily bo purified by recryst^llization. An alternative fnethod of 
treating alujiitc now ftsed in America consists iif roasting tlyslnineral 
so as to drive off part^pf the sulphur trioxide, followed by* leaching 
with water ; potassffim sulphate ^ssos into sojution, whilst alumina 
remains undi^olved.^ » • ’ 

Aluminiufti* sulphate is largely made by, treating china clay with 
hot strong sulphulic acid. An impure variety of aliim was formerly 
produced from the so-called “ alum |Jla)es,” and thi'j industry still, 
survives to a small exten^. rAlum shales are bituminous shales 

• • • • 

* See U.S. Bur. Technical Papdi* 1^2 (1918); R. J. Zink, Ohem* 

ZeU. 35 (1911), f370. . • 

* J, Soc. Chem. Ind, 40 (1921), 407b. 
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containing iron pjp-ites (FeSj). fej- weathering Or'gentle roasting, 
the Wphnr can ne,oxidized to triox^de, which decomposes the 
Uumiiii^m' silicate, yielding the sulphate. The dxidijfsed product 
is leached with watei', and by addiag potassiunl sulphate or am¬ 
monium sulphate to the product, an alum is obtained; the alum 
produced from, this source usually * 0 (>nta.ins iron. 

The main applications of alunvnium salts can bo attributed to the 
action of aluminium ions upon colloidal substances. It was pointed 
out in Chapter VII (Vol. I), that a trace of a s&lt of aluminium or 
other trivalent‘metal, added to a liquid containing negatit^ colloid 
particles, deprive the particles of their charge, and causes floccu¬ 
lation. This fact has been applied to the purification of drinking- 
water contahiing suspended matter. If a little aluminium sulphate 
is addtrl to the ,.water, the suspended matter, whether consisting of 
“clayey'"’ particlas, or of organic colloids, quickly settles to the 
bottom ; a large proportion of the bacteria in the wafcer are carried 
down with the rest of^ the sediment, and the water is thus rendered 
safer for drinking purposes. In oth(y cases, aluminium salts are 
added to water of Moorland origin to remove the colour, which is 
duo to particles W colloidal size. Under tho influence of the alumf- 
nium ions, the colloid particles collect into flocks which can be 
removed by settling or by filtration.^ A similaf process is very 
largely employed for the treatment of sewage and industrial effluents. 
The employment of pure aluminium sulphate, or pure alum, is not 
esscatial. A crude mixture of aluminium i and iron „sulphates, 
known as “ alumino-ferrif, cake,” made by the direct solution of* 
bauxite in sulphuric acid, serves the purpose almost as well; ferric 
iron ions act in the saniff way as aluminium ions, but are rather loss 
effective. ' <■ 

The hardening action of aluminium .salts upon gelatinous matter, 
such as exists in hides, is, no doubt, closely connected with the 
flocculating action upon sols. Aluihinium sulphate, or alum, is 
used in the process of alum tanning,, or tawing, employed for the 
prepardtjon of white-kid leathers. It is interesting to qpte that the 
salts of othef. trivalent metals also are u.sed ^n tanning, notably the 
salts of chromium and iron. *- • *. 

Similarfy, aluminium salts are fargely used, along, with organic 
cdUoids, in the sizing of paper. (• Many papers intendedfor printing 
'purposes arc coated with a preparation of “ rosiffwap,” to which 
, aluminium su/phate has beoi'i added to render the rosin hard and 
insoluble. > / , ^ 

Likewise, aluminiuM saSts are used as mordants in dyeing, for the 
“ fixmg ” of certain dyes which wpuld wash out if<the fabric were 
’ J. Aace, J. Soc. Chem. Ind. 40 (1921), 159t. 
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merely eteepod’iil the^dye solution. * They are only useful for dyes 
in which the colloid partk^es have a negative charge. Suc^ dyes 
form solutipns In water, but the solutions are flocculated'by tlfe 
addition of aluihinium sans,* the charge <5n the particles being ' 
removed by adsorption of alumftiium ions. Since dye-stuffs of 
this class have usually ^n character, the same fact may be . 
expressed in a different way, by saying that an insoluble aluminium 
salt of the acid in question has been produced. , The .precipitate 
produced by addin'^ aluminium salts to an acid dyb-stuff invariably 
contain* aluminium, and can correctly be regarded as an aluminium 
salt of the dye-acid, but not, in general, as an aluminium salt of 
definite composition. The controversy <regarding the theory of 
mordhnts is, like most other controversies in colldid chemistry, 
mainly a question of nomenclature; several analpgous cases were* 
discussed in Chapter VII (Vol. I). • 

The application of an aluminium salt to the fabric takes place 
before the dye is applied. In one method, cptton goods are soaked 
in an aluminium acetate solution, and are then hung up in a warm 
^placo so that hydrolysis.fc%ts in, aluminium hydroxide or a basic 
salt being precipitated.* The cotton is next soakAi in th» solution 
of the dye-stuff, and the latter is precipitated by the aluminium 
compound within the fibres of the cotton. Thus the dye is rendered 
insoluble, and will not “ wash out ” when the dyed material becomes 
wel. ^ 

It is worth while to point out that other polyvalent salts, notably 
•those of tin, iron and chromium, are also employed as mordants. 

The precipitates obtained by the interaction of an aluminium salt 
with a suitable dye-stuff in the presenertof tlkali are sometimes used 
as pigments, iJlidcr the name “ lakes ” ; they arc less permanent 
to light than the true inorganic pigments. 

V Abrasives. The extreme hardness of strongly heated alu¬ 
minium oxide makes it use^l as an abrasive. The iijitural de¬ 
posits of emery have,^*of courso, long been utilized, but are ina^dequate 
for the present demand. Artificial abrasivek are now prepar^ by 
heating bauxite with %arl)on in the electric furnace at a very high 
temperature ; the Sxides of iron and silicon are largely reduced to 
the elemental state, and aretibtained as a technically useful alioy 
(ferro-siliconj, whilst the less easily redhcible jilymina is merely 
fused, and solidifies to a mass which ig^said to be harder’than natural 
corundum. 

It may hero be menticiiefl that the manufactufe of artificial 
gem-stones has been carried out ot\ a comparatively l&rge ^cale. 
Before the waf, a Boulogne .works was ^aid to ,be preparing’ 1,000 
kilograms of rubies yearly, by melting up in an oxy-hydrogen flaihe ’ 
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alumina, fluorspar, and a tracS of chromium^oxid6,'the chromium 
being'rjeponsible for fhe red colour of i^e gem-stoneA 
y UltramaHne. Several blue mineral^ {hafiyne,^nose«!n, lalsurite, 
‘etc.) consisting of complex silibatfh of'aluminium, sodium and other 
metals, but alwjiys (jontaining sulphur, .occur in igneous rooks. 
Where they are'found in sufficient qrtanfities'as to be commer¬ 
cially, important, as in the KoUcha valley (Central Asia), they 
are known as “ lapis lazuli ” ; such deposits wore at one time 
eagerly sought filter, being ground up to form ‘the blue pigment 
“ultramarine.”* * 

Ultramarine is now, however, prepared artifically, and by varying 
the conditions of manufafcture different shades of blue, and also of 
, green and rod, can be obtained. 

Therd are two*kinds of ultramarine made, distinguished by their 
silica consent. Thh variety with the lower silicate-content is made 
by heating a mixture of china clay, sodium sulphate,»and charcoal 
(or tar) in a crucible o» muffle furnaefc. At first a white substance is 
produced; this turns gradually to a •green substance, which be¬ 
comes blue ^hc:j a further quantity ot Sulphur is added to the, 
mixture. ‘ To obtain the high-silica variety,‘sand must be added to 
the charge, and sodium carbonate is used instead of sulphate. The 
product is ground very finely before being sent oulrfronl the works. 
Ultramarine is used as a water-colour and oil-colour, as well as, in 
calico-printing and in wallpaper ; it is also employed to “ whiten ” 
paper, i.e. to hide the yellow colour normally jlresent, and is added, 
for a similar purpose, to sugar. 

A great deal of uncertainty .still exists regarding the exact nature 
of the various,ultramarJhe products. Some of the changes which 
they undergo are of great interest. Blue ultramarine is .turned 
violet when floated in chlorine gas, and the further action of nitric 
acid vapour turns it red. Most varieties of ultramarine aro.decom- 
posed by dilute acids, silica being liberated in the gelatinous state ; 
some sulphuretted hydrogen is as afule evolved, although much 
of the su^ihur is precipitated in the elementary condition, in a very 
fine state of division. „ 

By the ,action of dlvei; salts upon ultramalino, silver replaces 
thp sodium. It is noteworthy alsc^'chat ultramariny can be pro¬ 
duced in whichtb«ron takes th6 place of almninijjm.^ The inter¬ 
change of elements recalls,,that occurring among the zeolites 
'(hydrtfted silicates), land it is generally believed that the ultra- 

marines are related to the zeolites, soAtwn sulphide taking the place 

« » • • 

* Noumann, " Chemische ‘rechnologie ” (Hirzel), ^912 edition, p. 
284. . . . • , 

** J. HoSmann, Ohem. Zeit. 34 (1910), 821. 
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of the water invirial^y present in the zeolites.Many zeolites yield 
blue or green bodies whi^i treated with scvdium sulphide f “ per- 
mutit,” for instance, givet a greenish body with sodAirtv sulphide. / 
It is very doubtful whether all ths different ultramarines which hav'/ 
been described are really definite compounds. The cause of the 
blue colour has been atl^ib’jffed to colloidal particles of free sulphur * 
suspended in the silicate mass» and this explanation—although 
not universally accepted—appears very plausiljlc.^ Jt a^ least 
suggests a reason Vhy so many bodies of highly diverse composition, 
having very little in common except the presence of free sulphur, 
should all show this colour ; and, at the same time, jt' explains why 
comparatively small changes of environment, such as might be ex- 
peeftsd to affect the size and character of the colloid'particles, have 
a striking effect upon the colour. It is notewortjiiy, moreover, tha^ 
colloidal particles of sulplftir in a glass may confer a blue Colour, just 
as colloidal selenium confers a red colour.’ 


/ • 

The Ceramic IndusiVy 

t 

Ceramic, art consists ^essentially in preparing a plastic mass of 
clay and water, pressing it into the required 'lihape, .drying the 
article thus prepared, and then burning it at such a high tempera¬ 
ture that the ejay particles fuse or soften, at least superficially, so 
as to adhere together; thus the article, after cooling, possesses 
rigidity and considerable strength. It is convenient to include in 
the general term “tceraimic industry,” the making of articles such 
as magnesite firebricks, where the same principles arc involved, but 
in which the essential material is not clay. 

The products of the ceramic indust*y afo many and various, and, 
before disousting the matter further, some sort of*rough classifica¬ 
tion must be offered. Many attempts have been njade to classify 
ceramic products, and'all arc, in some respects, unsatisfactory. 
The tollowing classificatioif, although far from perfect, will suit 
our purpose:— , , * 

I. Materials of High Softening-point (I?efractoriefs)! 


Fireclay , 

8ilica ^ I 

\CaIcined magnesite, 

* Calcined dolomite 
Caitined bauxite 
Chromite 
Zirconia . 



Firebricks • 
Fujnace linings 
Glasa-pots * 
Gad'.retorts 
Zino-rstrs'ts 
Muffles 
Crycibles . 
etc. 


* L. Bock, Ztitach. Angax. Chen). 28 (IQlfl), i.«47 ; 30 (19W), i. 161; 33 
(1920), i. 23. , * * 

“ P. Rohland, Koll Zcteft.Jff (1916), 14«. 

- • W. D. Bancroft, J. Phys. Chem. 23 (1919), 616. 
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II. Mixtures containing Materials of Comparatively Low 
, Sioftening-politt. f , 

^ A. Porous Body (Terra-cotta or^earthinware), uajd fo* — 

U nglazed. < Glazed. 

Builder's bricks^' • Gla^d bricks 


Unglazed f iles * 

Porous water jars (Eastern) 
Battery ^ars 
Filters • 


Glazel^ tilt's 
•Faience for— 
table ware 
flower vases • 
decorative purposes 


B. Nearly t\pn-porous body, 
(Stoneware), used for;— 
Unglued. 

Certaiji paving files 
Vitrifioci bricks ^ 

Some fine stonowai’o 


vitrified ground-mass, opaque 

Glazed. 

Drain pipes 
.Sanitar> ware 

Stoneware botflos for food and drink 
Chemical stoneware *’ 

SorAo fine stoneware 


C. Non-porons body, almost 
(P(^rcelain)|. 

Vnglazed. 

(1) Soft “ Parian ” 


(2) Hard “ Biscuit ” 


wholly v<!yifled, translvcent 
« * 

OlaZi'd. 

English Rone China ^ 
Continental Soft Pftreolain 
(Seger’s Porcelain, etc.) 
Continental Hard Porcelain 
(Meissen, etc.) ^ 

Laboratory dishes and crucibles 
Electric insulators 


The distinction betwccin tM: different classc.s is not a sharp one ; 
in some kinds of stoneware, the body is almost as* porous as in 
earthenware. <rhe difference in porosity are regulated partly by 
the choice of compo.sition of the plastic mixture cmployejJ, but 
mainly by the temperature of firing, ft' the mass is heated so that 
the particles fu.se only superficially, and adhere together at the 
points of (iontact, the* lesulting mass will be fwrous, and terra¬ 
cotta or ‘earthenware results. If the hurting is sufficiently 
intense to cause some (jonstituents Tif the mixtur# to become fused, 
the liquid filling up the spaces betweSjithe larger or mo^ refractory 
parftcles, the bod^ will befcompflratively impermeable* but, owing 
to*its heterogeneous character, it will be opaque to*'light; thus we 
gft stoneware If thj temperature of firing be still higher, so that 
a larger proportion of the mass is fuSed? tjje resultant body may be 
translucent • (porcelain^ si{lce,the amount of suspended unfused 
matter‘is loss. In the extreme case, hard porcolaiif, the greater 
part of the constituents undergo vitrific'ation at the temperature of 
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firing, so thaij thp character oi the»mas8 approaches both in trans- 
lucency, hardness a<id composition that of u milky glassy i.e. a 
devitrified glass. Probabw only a small pi^oportion tha original 
grains of ^he plastic mixtito su];vive in hasd porcelain ; \.he micro-/ 
sections, however, show crystals* of sillimanite, AljOs-SiO-j, which 
has crystallized out from the snass at some stage of the manufacture., 

Qualities required in i^aw.Materials. The three properties 
required of a ceramic mixture arc :— ' 

(1) Plasticity? the property which enables tiie material when 
mixed,with water to be formed by gentle pressure into any shape 
required without “ cracking ” or collapsing. 

(2) The property which enables the article to regain that shape 
oveA after drying. 

(3) The property which enables the article so j)repareu, to attaiti 
strength and absolute rigidity, when “ fired at a higih tempera¬ 
ture ; this .depends on the power of the particles to undergo at 
least superficial fusion at the points where, they are in contact. 

The peculiar fitness of “playey ” substances for ceramic puqjoses 
is duo to the fact that tljc^ ])ossoss these properties iq a very marked 
degree. Many of tho substances used for maldiig refractories (e.g. 
calcined magnesite) are not sufficiently plastic even for moulding 
into the simplest forms, and, in any case, would not keep their 
shape when dried ; in such cases, it may be necessary to add some • 
c*arbonaceous “ agglomerant,” like tar, glue, starch, or dextrin as 
.a binder, the organic body being decomposed and driven off when 
the articles are burnt. The same materials also require an excep¬ 
tionally high temperature to produce the superficial fusion of the 
particles, and sometimes it may be ntcessary to introduce a fluxing 
agent into the mixture. * 

The cause of the special value of clay for ceramic purposes has 
been a subject of much discussion.’ The quality of pla.sticity, as 
defined above, is shown to'some extent by most insoluble jmwders 
when mixed with .water ; J;he particles stick togethel when wet, 
forming a “ paste,’' which can bo moulded jifto almost required 
shape ; but in ordinary cases, they fall apart v;hen* the water 
evaporates. Theto is no doubts, therefore, that the adhesion of the 
particles to^one another is #i€)t direct* but depends on the water 
film between the particles. It is easy *o make the particles klide 
over one another—as occurs when the mass is moTildsd into shaph— 



’ Two recent papers, whihli embrace vi^vs dightly different from those 
advanced in this book, may be mentio»iod.» J.’W. Mellor, Trann.^Faraday 
Sac. 17 (1922)f 3.54 ; N. M. Comber, J. Soc. Chem. Ind. 41 (1922), 171. Seo 
also F. F. Grout and F. Poppli, Tran«. Amir. Oerai/h. Soc. 14 (1912), 7J. 
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particle' away from its neighbcMr ^^ould involve disruption of 
the watery film ; nforeover, the tearing will iKvolve an increase in 
the free* surface of the water, and would involve «an jpcrease of 
Vsurface energy. Thus <;he “ pastes ”, can be moulded into form 
without cracking. • 

I However, wher/we are dealing witk particles .of very small size, 
a second typo of attraction may oqpur * f this is due to the molecular 
forces‘operating directly between the surface molecules or atoms 
of the particles where they come into contact. We can only expect 
this direct attradtion to be important where the surface of jontact 
is l&rge compared to the mass of the particle; and since the ratio 
of surface to *inasa increases as the particles become smaller, we 
observe the disect t 3 rpe of adhesion best in particles of ultra-micro¬ 
scopic sizp.2 The characteristic “ stickiness ” of “ colloid ” substances 
is of this nature; tjie practical usefulness of a gum solution, for 
instance, depends on the fact that the adhesive forces between the 
gum particles persist after the water .has evajxu ated. 

Now in clays we are concerned with particles of intermediate 
size ; they arp smaller than those of typical powderji, and are 
indeed smull enodj^h to show many “ colloidal phenomena ”—such 
as cataphoresis and flocculation by electrolytes ; nevertheless they 
are considerably larger on the average than particles erf ” typical 
colloids.” We may therefore expect both the indirect and the 
direct types of adhesion to occm, and it is natural to attribute to 
tHo firjt mode of adhesion the plasticity of th<j clay shown whilst 
wet, and to the second, the fact that the moulded articles retain 
strength when dried. 

There are, as explaimji ip the section upon the “ terrestrial 
occmrence ” of <iluminium, two main varieties of cky :— 

(1) Residjial clays (“ China clay,” etc.), consisting essentially 

of kaolin particlel. • 

(2) Secondary clays {“ Ball clayii,” etc.), in which thS most 

ilnportant constituent is believed to. be mica in minute 
- • crystals. «. • 

Now it has lopg been known to potters that the residual clays, 
although in many rejects more •valuable thw the others, are 
generally le& plastic, and frfel less “•\yictuous to the touch.” This 
is easily understood >(511 Ijie viej,v <ff plasticity sugglfeted above, 
because the kpolili grains of the primary clays are larger; more- 

•* U. Rf Evans, frans. Fr-raday Soct 18 (1922), 76. 

* An attraction which is probably of t4ie tli^ct type is observed between 
objects of qujte large size jvheno the surfaces are exceptionally smooth and 
quite clsan. Thus two absolutbly fat plates pressed together will " seize ” 
and unife, but if the surfaces ai;e not absolutely flat and smSoth, the plates 
y^ilUonly come into true contact at a few ^ints and no union will result. 
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over, mica-flakcs.liave an unusu’ally large surface compared fo their 
volume, and their form is^such that they adhere together readily 
when separated* by the thi^ film of water, a\id yet ca>j glide over 
one another easily when the mq.s8 js presaed into shape. Other 
substances, such as powderocl talc, which consist of particles of 
flaky or lamellar shape, yield unusually plastic* mixtures when 
moistened with water ; ’ bui) in general the strength vanishes when 
the water evaporates. If ordinary mica is ground to an impalpable 
powder and mixed with water, the pulp has a plasticity equal to 
that of many clays *—a fact that supports the vie^- that the plas¬ 
ticity of ordinary clays is connected with the form of the particles. 
The adherence of the mica-flakes may perhaps bo coihpared to the 
“ sticking together ” of fragments of wet paper, although the two 
cases are not entirely the same. The moderate plasticity of> 
kaolinitic clays has also been ascribed to the plat(?-like fofin of the 
kaolin particles. 

Although this indirect modq of adhesion may servo to explain 
to a large extent the behaviom- of clay whilst '(vet, yet it can scarcely 
explain why articles mp’dcled from plastic clay ^unlike those 
moulded from artificially prepared plastic mixtuibs suclj as pow¬ 
dered talc and water) retain their rigidity even after drying. Here 
we seem to J)e dealing with the “ direct ” type of adhesional force, 
such as operates in typical colloids. Many chemists consider that 
a ftlm of colloidal matter, possibly silicic acid, aluminium hydroxide 
or ferric hydroxide, pptists round the particles, which serves tq bind 
them together after drying, just as colloidal silica is believed by the 
same chemists to be the actual binding agent in Portland Cement. 
The theory has not been worked out v^ry ^ully, and there are still 
several points iinexplained.’ It is just possible th.*t the colloidal 
matter may consist of organic substances ; certainly ,the character 
of some clays is altered <considerably Mien they are treated with 
solvent? which would removejorganic matter.* On the other hand. 


it is not impossible that the colloidal particles which fanction as 
the “ adhesive ” may actually be minute clay»particles, ha ving, the 
same composition as the larger ones. * 

Highly plastic clqiys*ar6 said bo “ fat,” whilst tfio less plastic 
clays are said to be “ lean.” ^ No clays* confist entirely of kaolin 
or mica paitiMes. Residual clAys^ontai^ solne of the other con- 


* H. A. Wheeler, Miss. Qeol. Sun. 11 iJ896), 97 ; A. Atterberg, Zeitach. 

Angetv. Chem. 24 (1911), 928. _ , , 

* E. T. Stull, Trans. Amer. CvWt'. Soc. 4 (1902), 255. 

“ N. B. Davis, Trans. Amer) Ceragn. Soc. Ih (1914), Bo. oee also W. D. 
Bancroft, J. Ind. Eng. Chem. 12 (1920), 946 ;/E. Podszus, KoU) Zeitach. 20 
(1917), 66. • . ■* 

‘ W. A. Homer and H. E. Gill, J. Amer. Ceram. Sol. 2 (1919), 694. 
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stituentsof the original rocks "froicf which they\irere derived, quartz 
and felspar, for instance. These minerds hdVe no plastic qualities, 
hut they pan largelj^ be removed, ifMesired, by washing or by 
“ osmose ” (see below^ The special value of certain residual china 
clays—such as those of Cornwall—is that, when the clay particles 
have been conecntrated by washing! they consist mainly of ■ a pure 
kaolin; the product has, therefore,'a nigh softening-point, and, 
being almost free from iron, yields a wonderfully white body ; such 
clays are useful for making porcelain. On the other hand, secondary 
clays can rarelf' be washed so pure as to give a colourless body. 

“Certain secondary clays, which contain silica as the main im¬ 
purity, have'^a very high softening-point and can be used as “ fire¬ 
clays.” Stourbridge clay is a particularly valuable varigty of 
fire-clay. Most secondary clays, however, contain a comparatively 
large proportion of fairly fusible constituents. They can often be 
used as the basis of stoneware, whore the body requires to be partly 
fused, or for pottery. The presence of much iron renders the body 
produced coloured, and this may limit the use of many of the clays. 
A large proportion of grains other thauimica or kaolin, will clearly 
reduce the plaslt^ity and may render the material unfit for any use,* 
except, perhaps, for the making of bricks. 

Be.sides clays, other materials are often added to, the plastic 
mixture. They include felspar or felspathic rocks, such as the 
pegmatite known as “ Cornish stone.” The felspars have a 
“comparatively low melting-point and act ,as fluxing materials. 
Calcareous materials like marl have also been employed as fluxes. 
Ground bonc-ash (calcium phosphate) is employed in “ bone china.” 

Some form of silica (sapd, powdered quartz, powdered flint) is 
often added »as an “ opening material ” to reduce shrinkage, 
especially in,the case of the more plastic clays, which tend to shrink 
very much. Another excellent “ opering material ” is grog, 
obtained by crushing disused or broken fired bodies (refractory 
bricks, crucibles, etc.). 

Frelipiinary Treatment of Clay. The clay as it is dug out at 
the pit requi-es to be disintegrated in some way, that is, broken up 
into fine particles. This may bC done meohafnically by means of 
stamping, grinding in ball mills, crushing between rollers, or cutting, 
but it is possible tct allow the f orces of Nature to pSrform at least 
she first part of t&e disintegration process. The clay is laid out in 
, small; heaps,,.and ajlowed tq “weather.” The evaporation of 
water by the heat of the sun by d<iy,4Dr the freezing of the water by 
the Irost'-at night, both ^rve the same purpose—that of breaking 
up the clay. It is also thought that artificial weathering serves 
to convert any rMidual felspar into kaolin. 
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Doubt has, hWsvtr, been expressed as to whether the changes 
brought about by weathej^g are actually ,worth the tinje* and 
trouble-involvedrin laying ((ut the clay. 1 * 

The desirMility of separatii^ the fine particles of clay from the 
coarser particles and, as far as pdfesible, from the other minerals 
that occur with them, wi^l eaiUy bo understood, ^t is, however, 
only remunerative to treat the best qualities of clays (“ China clws,” 
etc.) in this way. Purification is commonly brought about by 
“ washing.” The glound or crushed clay is churncA^up with water 
in a vat^(“ blunged ”), until the whole of the finei* clay particleg 
are in suspension. The water is then aOowed to fijw out into 
another vessel, carrying the lighter particles in suspension, whilst 
the coarser grit remains at the bottom of the “ Blunger.” A 
further quantity of comparatively coarse material sinks 4o the 
bottom in the second vessel, and after a time the water, Aarrying 
the finest clay-particles in suspension, is run off. These finest 
particles are finally separated by settling or b^ filter-pressing. Any 
soluble materials remain in tjie water. 

There are, pf course, innuiiorable ways in which tjje crashing and 
Settling process can be elaborated, but the same general principle 
holds good. It should, however, be noticed that washing will fail 
to separate the ve^y small particles of foreign substances which can 
remain suspended as long as the clay particles. For this reason, it 
seeifls likely that now processes, bafecd ujx)n the principles of colloid 
chemistry, jnay provecnore efficient. The simplest process coniists 
in churning the impure clay with water containing an appropriate 
quantity of alkali, and runnhig the mixture into a settling tank. 
The kaolin particles adsorb hydroxyl iona^ tlms assuming a negative 
charge, and remain suspended as stable colloidal ‘particles in¬ 
definitely. The chief impurities (mica, jjyritos, silic^ Stc.) do not 
adsorb hydroxyl ions so ^sily, and are uncharged. They conse¬ 
quently Sink gradually to thb bottom of the tank. The clay- 
suspension can then be, run off from the impurities, and afterwards 
the kaolin particles can be thrown down by adding a littlfi acidT 
The process just described is not entirely satisfactoryjtbuff during 
recent years a promising metbod^bf electrics^ purification has 
been introduced.® The apparat*i# consists of an electrolytic tank, 
containing the i^spension of clay, the anodtf beiifg^a half-immerse<f 
cylinder of hard lead, which slowly revolves op a horizontal axis; 
the cathode is a perforated metal ^latqj*and is $xed just below the 

‘ L. B. Rainey, Trans. Amer, Cefam. Soc. 16 (1914), 406. * 

* J. S. Highfleld, W. R. Ormandy and D. NArthoil-Laurie, J. Soy. Soc. 
Arts. 68 (1920), 614 j W. B. Ormandy. TAns.’Ceram. Soc. 18 (1918-59), 
327 ; Trans. Faraftay Soc. 16 (1^21), Appendtv, p. 141,; P. H. Prauauitz, 
Zcitsch. Elektrochem. 28 (1922), 32. 
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anode. Two pad^lles keep tke clay particles 'ih suspension, and 
toect.a continuous stream of the tmjhid liquid through the per¬ 
forations m the cathode towards t(ie anode. The negatively 
charged kaolin particles stick to the anode, vthilst the foreign 
particles (pyrites, mica and quartz), which are neutral or positive, 
pass out with tko effluent from the' fank. [ The process can be made 
conlgnuous, fresh clay suspension running in by one pipe, whilst a 
liquid cop.taining impinities (and still a little kaolin) passes off by 
another. The clay particles adhere to the anode as it rotates, and 
ere removed as a thick blanket by scrapers fixed close to the anode 
surface above the liquid. The blanket of purified clay falls off into 
a chute clear of the machine. 

The comparative dryness of the blanket obtained may- excite 
surprise, but a, little consideration will suggest the reason. The 
clay parades are negatively electrified' relatively to the water; in 
other w'ords, the water is positively electrified relatively to the clay. 
The first action of the E.M.F. is to drive the particles on to the 
anode ; having reached the surface they can move no farther, but 
the water is ^till free to move in the opjTodto direction, and is largely 
expelled from the pores between the clay particles by the same 
electrical agency. Osmose is therefore not only a purifying process, 
but also a drying process. 

The great importance of the electric “ osmose ” system is that it 
has allowcxi crude clays to bo used for purposes to which they nave 
hitherto been found unsuited. For instance, a clay hitherto 
regarded as only fit for the making of rather low-grade bricks, io 
now employed- after electric treatmentr-for making quite good 
stoneware. 

Operations in the Manufacture of Ceramic Articles. Details 
of the potter’s art must ke sought elsewhere.* It is only possible 
hero to state the stages through wjiich the materials pg^s. 

First lithe materials (clay and others) are measured out and 
mixed, the mixtuijp being ground between' rollers, or churned up 
in son^e other way' so as to render the whole u-iiform. The 
thoroughly mixed material next undergoes shaping to the required 
form ; the method varies, of course, with thS nature of the article 
required. Vases ,and jars are oiten “ thrown ’’ on a potter’s 
wheel, ancj tlw rhape is sometimes elaborated by *'• turning ” on 
a lathe, a suitable tool being placed against the rotating vessel so 
as to obtain the desired contoup Plates are sometimes produced 
by a special form of tqrning kno^ as “ jiggering ” ; a mould 

' See E. Bourry’s "Treatise on Ceramic IndustriesJ’ Translation and 
critical notes by Ai B. Seafle (Scott, Greenwood). Also G. Martin’s " Indus¬ 
trial Chemistry ” (Crosby, Lockwood), Vol. II. 
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representing thff shape of the top snrf&ee of the plate is mounted oh 
a rotating vertical axi^; clay is placed upon ^t, and a tool hiving 
the outline of the plate bottom is lowered to a point jus* aWve thi 
surface of the rotating mould, find* held praclSoally stationary until 
the clay has assumed the corrcc* form. Bricks and pipes are 
extruded through a* die, jthe cslruded portioh being cut off auto¬ 
matically as soon as the desired length has been forced through the 
aperture. Perhaps the commonest method of shaping an object is 
to press it in a mould ; this is used not only for tiloS^plates, reliefs, 
etc., but also for such objects as jugs. In addition, there is th? 
method tnown as “ slip casting,” especially suitaj^Io for thin 
china-ware; here a liquid body (or dip) is introduced into a porous 
mould* Part of the water is absorbed into the mould,* and a layer 
of clay-stuff is left all over the interior surface. ,Thc extess of 
liquid is poured away, and the clay in the mould, is left to*harden. 

However prepared, the articles are packed in drying stoves where 
they are gradually dried, usually in a current^of warm air derived 
from the kilns. After drying, the goods arc often sprayed with a 
liquid carrying the materiaj •which will form the glaje*fter firing; 
"this matter is considered below. • 

The articles are next fired. Hero again the details of the process 
and the chareetcr of kiln employed must vary with the nature of 
the article to be made. Table-ware (plates, etc.) are packed into 
boxdb (saggers), which are then piled in kilns ; porcelain, which 
becomes alipost liquid during the firing process, requires very care¬ 
ful packing, with supi)ort at points of weakness, since otherwise 
the articles will lose shape. Stoneware which is to receive salt 
glaze must be packed so that it comes into direct contact with the 
hot gases from the fire. Bricks are packed for bakiflg in such a 
way that the hot gases can get access to^each of them.* 

Coal is commonly used as*fuel in this countiy. On the Continent, 
producer gas has found application, regenerators being fitted to the 
furnaces. Heating shopld genejally be slow, and the subsequent 
cooling must also bo slow. 

The temperature to be ^mployed will depend on the type df body 
desired, but also natuwlly on the cdlnposition of,the mixture, being 
lowest where iron and alkali mgfels are present in considerable 
quantities. Aeofirding to Bourry, with high-cla^s^ materials, the 
temperature required for faience (superficial fusion or ■^elding of 
particles) is about 1,200° C., whilst thaf^7equired,for hard porcelain 
(nearly complete fusion) is about 050° C. Builder’s bficks, being 
made of clays rich in fluxes, are fired at a sc^evdiat lower tempeta- 
ture than faience .(perhaps 1,000-;1,100*C.), although where haftd 
vitrified bricks are to be made,"temperatures up to 1,300° C. may 
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be employed. FircbriekB ahd rrfractory articled require a con- 
sidei’ably higher leiqperature. t 

' The tentperature of the kilns is ofifen regulated bjj means of a 
series of “ Seger's corks" wMch'are,.small slim pointed tetrahedra 
about inches high and about'J inch diameter at the base. Each 
cone of the seizes has a standard cbmpofition and will soften at a 
known temperature; the different cones are assigned numbers 
which indicate their fusibility. The high-temperature cones are 
mainly composlod of china clay; the low-tenfperature cones con¬ 
tain felspar aiid other readily fusible substances. A row of cones 
is placed ih^the furnace, and by observing which cones droop, and 
which retain their shape, the furnace-man can obtain a good idea 

of the temperature. ' 

In addition t;o this simple, but quite effective, method of gauging 
the tenfperaturo, .numerous reliable pyrometers are now available 
for temperature measurement. Some of those depeqd upon the use 
of a thermo-couple,,, but it is not. always necessary to place the 
pyrometer inside the furnace ; a ijidiation pyrometer has been 
designed wk,ich can be set up outside- the furnace, in front of an 
opening in one wall, and receives heat by radiation from the hot 
interior surface of the wall opposite. Optical pyrometers, which 
actually measure the brightness of the white hpt walls, have also 
given good results, although their use introduces some uncor- 

. tainties. ... • 

The first reaction which occurs on heating a ceramic .body is the 
loss of the combined water of the kaolin, probably about 4W° C. 
At much higher temperatures, portions of the body become liquid, 
the smaller and more.imjuro particles (i.e. particles rich in iron or 
alkali-metals) being first affected ; however, where two largo pure 
particles of different compositions touch one another, mutual 
“ fluxing " may often occur at the poin'o of contact. For instance, 
a highly siliceous grain and a highly basic grain may fusb together, 
a comparatively fusible mixture bging produced where they touch. 
As to ,how far tte softening of the mass- is allow;^ to proceerl 
depends u{)on the material desired, and t^o various cases must be 
considered separat)fly. ^ ' ' 

I. Refractory Bricks,* etc., epwsist essentially of some substance 
, with high me\tiiig-poirir (kaolin, silica, magnesia, aliiihina, chromite, 
zirconia).' It is usual to mix a certain amoilnt of comparatively 
■ coalse material, previously calcined (“grog”), with a certain 
amount of 'finely powdered materiil.,, An agglomerant, such as tar 
or. starfch, is used 'in ^ome castes where the fine material has no 
' J. W. Mellor^Tmus. Faraday Soc. 1,? (1917), 137. 'Also numerous other 
' articles on refractories in same volume. 
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natural binding poVew A very high temperature is requirec^; the 
finely divided material softc^, and welds the larger graijis togethei; 
The shnnkage ot refractory'raaterials is oftep serious, botft during 
the drying process and the iiriAg, apd care must bo taken to secure 
the correct conditions, or cracking will occuj;. • 

Where the pure material has a very high melting-point, firing is 
made easier by mixing in a tracePof some fluxing substance »in a 
fine state of division. Thus in making silica bricks^a little milk of 
lime is added to the pasty mixture, whilst it is diffitult to prepare 
zirconia •bricks without adding some such oxide as alumina (Jt 
magnesia. In this way the firing is clearly made easier, and the 



render the product less refractory. 

lla. Terra-cotta, Earthenware, Bricks, Faience, etc. The 
mixture consists of clay usuallv mixed with sand, grog, or some¬ 
times powdered flint, as opening agent, to reduce shrinkage. Often, 
for faience, Cornish stone os felspar is added as a flu:^; sometimes 

•a calcareous substanqp, Jike marl. It is probable iSat when these 
articles are properly fired, the smaller and most fusilfle partieles 
present between the larger grains melt together to form a glass or 
slag, which, after cooling, cements together the larger particles. 
Profcably the larger particles never become fused except on the 
surface ; the proportion of the matter which becomes fused is* 
actually small, and tfie mass remains porous after the treatment. 

llb. Stoneware may be made by heating a vitrifiable clay 
(i.c. a clay containing particles rich intiroji or other fusible con¬ 
stituents) ; alternatively it can be made from a mixdiro of fireclay 
and felspathic material, such as Cornish stone. The*articles are 
fired at such a high temperature that the greater portion becomes 
fused, and hardens on cooliftg to an extremely hard, vitreous 
ground-mass. Since, liowevcr,, the more refractory particles (e.g. 
the silica grains of the clay) have resisted fuefbn, the waje is lar 
from hotnogeneous, and. is opaque to light. Stonewaje i? almost 
non-porous. 

• lie. Porcelain. English b»^e china is made from a mixturp 
of china cla/, Arrnish stone and borte ash f tho*bt)i^ ash acts as a, 
fluxing material. The mixture is heated unfil nearly tfie whole of 
the constituents are in the vitreous cosdition ; «an oxidizing atmo¬ 
sphere is needed for the heat in order to avoid risk *of discolora¬ 
tion, and the ovens employed tnustj bq ddkigned accordingly. i 
Bone china is alfnost the only^ hind of soft porcelain made in this 
* S. T. Wilson, Trans. Ceram. Soc. 16 (1917), 304. 
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coun^Ty. Continental soft porcelains, hewever, do not contain 
bone ash ; ^some varieties consist of tlfs same constituents as hard 
porcelaiti (see below) ^ although in different proportions ; {here is, 
for instance, less china clay. , ' 

On the Contivent, hard porcelain is made more commonly than 
soft, being pre{)arcd from mixtures containing kaolin, felspar, and 
quartz. Here again almost the'whole of the constituents undergo 
alteration duripg the process of firing; the^ felspar fuses, and 
attacks the q^.iartz, whilst the kaolin loses water in the earlier 
Stages of heating, yielding a vitreous mass, from which minute 
needle-shapeJ crystals of sillimanite, Al^Oj.SiOa, separate at a 
high tcmpeipture. 

Both kinds of porcelain are translucent and vitreous after firing, 
but th%j are nrft absolutely homogeneous and transparent like true 
glass. This is partly because some of the original particles escape 
vitrification ; even in the best porcelain some of tht; largo quartz 
grains remain unattrfeked, and in the less choice varieties there is 
still le.ss dissolution of thi.s refraetrfry constituent. The lack of 
transparency ftay also be due to the aji'pcarance of fresh crystalsf 
e.g. those of sillimanite, during burning ; such crystals can usually 
be seen in microphotographs of sections of hard porcelain.^ 

English bone china gives less trouble in saggering than does hard 
porcelain, and it is comparatively easy to obtain any colour desired 
upop the former, whereas with hard porcelain there arc difficulties 
in obtaining certain colours. Bone china is'also rathcr'less brittle 
than most kinds of hard porcelain. 

Glazes. It is very u^ual to cover ceramic articles with a 
“ glaze ” or tkin layer of glass. In the case of earthsnware, pottery, 
etc., where ^,he body is porous, the glaze serves to make the article 
impervious and water-tight. In addition, a non-transparent glaze, 
containing substances of high refraortivc index like tin ccAnpounds, 
serves tb conceal the unattractive colour of the body. In stone¬ 
ware and porcelaiiHr .which have non-porous bodies, the glaze servos 
mainly cto ipiprove the appearance of the article, although it should 
be added that certain types oL so,called ktopeware are very per¬ 
ceptibly porous, anu, in inch casor,^the glaze fulfils a most necessary 
function in renderihg the arfjjcles water-tight. . 

Essentially thff glaze formed upon the surface, of an article is, like 
ordipary glass, a mixture Mf silicates, but borates arc sometimes 
present, being added to make th^ mixture more fusible and to 

'"A. A. Klein, U.S, ^Bur.f-Slavd.t Technical Paper 80 (1910); J. Franklin 
Ind. 182 (1910), 683 ; J. 4me’r. CeratT: Soc. 3 (1920), 998. Microphotos of 
bone china, after bring at different temp6ratureB, are given by J. W. Mellor, 
Trana. Cfram. Soc, 5 (1905), 80. 
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increasso tho hardnos^, and brillianc'c. The basic oxides present 
may include oxides of calcium, potassium, sodium, lead and alu¬ 
minium. rton-transparent glazes an opacifier, sueSh jis oxidb 
of tin or oxide of antimony, .jhould bo present, which remains in 
suspension in the glaze. Alumina* calcium phosphate, zinc oxide 
and titanium oxide ‘have; alsj 'been used as dpacifprs. 

As a rule, a frit is made by melting together appropriate quantities 
of the chosen materials in a crucible or small reverberatory furnace. 
A lead silicate frit can be made by fusing togetlfijr quartz sand, 
boracic ^icid, lead oxide (usually red lead), chalk, and a smajl 
quantity of clay. Sometimes soda ash and felspar are^also present, 
and in “ leadless glazes ” these substancea containing alkali metals 
take tho place of the lead compounds altogether ; in liftidless glazes, 
the boracic acid content must be increased, or the glaze will be too 
infusible. 

Where a ni'n-transparent glaze is needed, tin oxide is added, and 
this may also reduce the fusibility and call Jor an increase in tho 
boracic acid content. . 

After the preparation ofttlic “ frit,” it is finely grojg^l with water, 
so as to obtain a fine Suspension ; often other substanceif, such as 
finely powdered felspar are added to the suspension. The suspen¬ 
sion is generally applied to the articles after drying and before 
firing, but sometimes—as in the case of porcelain—to the article 
(“Isiscuit ”) after the first firing ; in such cases, a second firing i^ 
needed after the application. The suspension is usually applickl by 
•spraying, although sometimes the articles are dipped into the liquid. 
During the subsequent firing, the particles of the frit melt again 
and spread as a glassy layer over tho‘whole surface, penetrating 
into any pores,^nd often reacting or blending with tSie material of 
the body. In hard porcelain it is imposgiblo to say definitely where 
the body ends and the glS-zo begins, 'i'he composition of tho glaze 
should in all cases be chosen *to suit tho body; the coefficient of 
expansion of tho two should,, for instance, be roughly ^ho same,- 
because, if the glaze Contracts more than the i)t)dy when ttte arficlo 
is cooled, it may crack,(this is known as crazing), whiist, If it con¬ 
tracts less, it may become detaclied {scaling pr peeling). Crazing 
is likely to occur when the glailb contains too little silica, scaling 
when it contiftna too much. ^ 

The danger of Ibad-poisoning through thd use of leatl glazes has 
been greatly reduced in recent years the mpre careful regulation 
of the process, and particularly by the application of the lead in the 
form of “ frit ” (silicate), instcad’of as wl^te lead (basic oarbopate) 
or red lead (oxide), as was formerly the ,case. This has been the 
main factor in reducing the cases of “ plumbism ” in the pottery 
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trade of this country from 2(k) in the year ^900' to only eleven in 

The comi)osition of the frit must cleMly be such'tha^,the lead (or 
alkali metals) in it are'not unduly soVib'le in the w'ater in which they 
are suspended during application 

The well-known “ salt glaze ” oftei} seeju on stoneware articles is 
obtained in an entirely different way. Sodium chloride is thrown 
directly into the fire of the furnace, or sometimes placed in the hot 
part of the kilp (not directly on the articles). 'The salt vaporizes 
ajt once, and the vapour interacts with the silicates of the ^irface of 
the body, producing upon the surface a comparatively fusible 
silicate mixture containing sodium silicate, which on cooling hardens 
to a transpafent glassy layer. 

Colo'ur of Oeramic Materials. The colour of the body is 
seldom white, unlbss the materials used are singularly free from 
iron. Even in bone china, which is made from the purest china 
clay, with only a tractf’of iron, a coloration (due to iron phosphates) 
appears if the proportion of bone ash,'’Cornish stone and china clay 
are not quit6 jight, or if the articles are tired in a reducing atmo- ■ 
sphere or at the wrong temperature.^ In earthenware, where less 
pure materials are used, the colour of the body is never white, but 
if the articles are glazed with a non-transparent glaze,'the colour is 
hidden. In some cases, a white layer (a “ slip ” or “ engobe. ”) 
■made of pure materials (china clay, etc.) is applied to the surface 
of tfee coloured body, and the article is subsequently glazed. In 
unglazed articles, like bricks, or in articles with a transparent glaze, 
like salted stoneware, the colour of the body becomes noticeable. 
Bricks, for in^(ance, va'ry ■very much in colour. Tlje yellow colour 
of common bricks is due to a finely divided modification of ferric 
oxide, which is stable in p»3scnce of alumina. If agglomeration of 
the ferric oxide particles occurs, a,red brick is productfd. 'The 
presence ,of lime in the bricks favours the retention of the yellow 
col 9 ur, whilst cxoesji of iron tends to cause a red brick.^ Burning 
at a high temjierature, especially in the presence of reducing sub¬ 
stances, yields a dark-red, black or blue <i)rick, largely vitrified. 
The darlt-colour has been ascribed to carbon, but is generally due 
tq the magnetic oxide of iron (FoiO,), or a corresponding ferroso- 
,^erric sihca^c. ^ i 

For decorative purposes, faience and porcelain articles are often 

> S. Miall, J,. Soc. CAem. Ind. 39 (19201, 4b. 

• L. Petrik, Spreckeaal, 53 (1920), 406. . 

> d W. Mellor, Trann, Ceram. Soc. 18 (1918-19), 497. 

‘ I. A. Keane, J. Phya. Chern. 20 (lOlO), 734; F. H.^cheetz, J. Phya. 
Chem. 21 (1917), 670; C. F. Binns, hlK Int. Cony. App. Chem. (1912), 
Sect III c, 7. 
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coloured by introducjpg small quaiftities of those metallic oxides 
which confer coloration upon silicate glasses, 'fhe colour mfcy be 
applied in §ve Ways :— ? * 

(1) The body may be colouited, ‘being covered with a trans¬ 

parent glaze, or left,unglazed. 

(2) A coloured’sZif) or f^gobo may be applieS. 

(3) The colour may be appMed to the surface of the body 

before the application of the glaze. Afterwards a 
transparent glaze is applied, into wfijsh the colour 
• passes on heating (underglaze colouring)! , . 

(4) A coloured glaze may be used. , 

or (6) The colour may be applied ever the glaze, usually 

* after burning, by means of a mixture whi8h can vitrify 
by subsequent heating at a low temposaturo (ifverglaze 
colouring). The vitriflable mixture often consists of lead 
bo.’ato and silicate ; bismuth compounds are sometimes 
added to increase the fusibility. • 

In the last method, colopfs can be used which would not stand 
the temperature of the firing proper. If one of ’tfio other four 
methods is applied, the colour will often depend upon the tempera¬ 
ture of firing and on the general composition of the body, slip or 
glaze, as w'cll ah on the oxidizing or reducing character of the 
atmosphere in the kiln. Subject to these qualifications, the follow¬ 
ing short list indicates some typical methods of obtaininfj the 
different colours :— 

Black, by mixtures of iron and chromium oxides ; or iron and 
cobalt oxides. , ^ 

Deep Blue, by cobalt oxides (must not be burnt in reducing 
atmosphere). , 

Turquoise Blue, by copper oxide in oxidizing atmosphere 
(difficult to apply t® hard porcelain). 

Green, by chromium" oxides. • 

Yellow, by a mixture of antimony an^»lead oxides; oj» by 
titanium and zinc oxides ; or by uranium. ^hrSmic acid 
gives a yellow in alkalwo glazes. 

Red. Zinc oxide with a Jraoe of chlomid acid in art oxidizing 
atmsSphere gives a rhd ; , also w"on ’«xide under certain 
circumstances. Fine ruby reds ani obtained with colloidal 
gold (Purple of Cassius), oi»*with copper. 

Violet, by manganese in aSkaline glazes. 

Gold, by metallic gold dpplisd above«the ^laze, in finqjy divided 
form. , (It should be bumitfced*after burning.) 

• .* * * 

Many other mixtiures of oxides are also used extensively. 
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Where underglaze or overgltfze decoration i^required, the colouring 
matter or the vitrlfiable mixture is sometimes applied by hand, the 
finely ppwdercd mat’erials being mix^i with gum, tjirpentine or 
glycerine, and painted on with-a Ijnwh. More*often mechanical 
methods of applying the colour'are employed. In the subsequent 
firing, especial fare must bo takon'to control the temperature, and 
also the t}^* of atmosphere in,the /urnace. 
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THE RARE-EARTH METALS 



^SCttiiuiuiii 


Aturnlc 

Weight. 

45-1 

Atomic 

Number 

,21 

Group IIIa 

Yttrjum . 


i?9-3:i 

39 


^Lanthanum 


]3f0 

57 

Group IVa 

(Cerium). 


140-25 

.58* 


'Praseodymium 


140-!> 

59 

• 

Neodymium . 

• 

144-§ 

60 

Cerium 

Unknown elemenl 


61 

Family 

Samarium , . 


ISO-4 

62 


Europium 


' 1.52-0 

63 


.Gadolinium 


157-3 

64 


Terbium 

• 

1.59-2 

65 


Dysprosium ^ ’. 


162-5 

66 

• 

Yttrium 

Holmi^jm * 


P'&t) 

67 

Family 

Erbium . 


167-7 

68 

Thulium. 


168-5 

69 


Ylterbium (Neo-ytterbium) 

173-5 

70 


Lutecium 


17.5-0 (?) 

71 

Group IVa 

« 

U nkTWwn dement 

llafnium) 

(probably 

180-0 (?) 

*72 


General 

The three heavier metals of Group IIIa, scandiuili, yttrium and 
lanthanum, resemble each other very (jloscly; it is rjatural, there¬ 
fore, to^consider them trlgether. But it is necessary to describe at 
the same time a large luuftber of other elements, which have 
very similar properties. Nearly all the elements which fall, in the 
order of atrynic weights, between lanthanum* fhtomic weight 189-0) 
and tantalum (atomic^weight 181-5) form compound%in which the 
metals are trivaledt. The cbafticter of th^e compounds would 
lead us to place the elements ijiTiroup iflA, although if fhe orderly 
sequence of jfie Periodic Table’weie to persist', they should fall'in 
other groups ; w<fshould, for instance, expe«t cermA (sftomic weiglft 
140-25) to fall into Group IVAj^prag8?)dymiujn (140-J) to fajl intev 
Group Va, neodymium {1-M«) into Group VIa, and so on. The 
properties of the metals, however, are ^ot euch as would justify 
that arrangemtfnt. Cerium, itys tru^, ha^ a class of compounds (in 
which the metal is tetravaleAt) closely related to’ the compounds of 
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zirconium and thorium ; indeed, cerium fonps, -in some respects, a 
link lietween zircohiiim and thorium, ^nd for this reason is placed 
By many diemists in Group IVa. Oii the other "haiyl, the more 
characteristic compouMs of cerium yrd those in which the metal is 
trivalent; these closely resemfcle the compounds of lanthanum. 
Whatever arguyients'may be adduCb^. in.favohr of placing cerium 
in Group IVa, there is very little to justify us in assigning to 
praseodymium and neodymium the vacant places in Groups Va 
and VIA. Praybodymium has but little in conlmon with niobium 
apd tantalum,' and neodymium has even less in common with 
molybdenum, and tungsten. On the other hand, the characteristic 
compounds of praseodymium and neodymium are so similar to 
those of lanthanum that the two metals can only be separated from 
lantharvim with .difficulty. The same may be said of the remaining 
rare-earth metals.. Any attempt to 'distribute them over the 
various groups of the Periodic Tabic ends in failure. The properties 
of the elements do nof, in general, correspond to those of any group 
except Group IIIa. In every case, the stable compounds are those 
corresponding the oxide of the type M.j08, although in a few cases . 
other compounds do exist. Praseodymiui'u 'and neodymium, for 
instance, have higher oxides Pr 02 ,Nd 02 , whilst in samarium there 
is actually a class of lower salts (SmCla, etc.). In ceiium, as has 
been stated, there are fairly stable salts corresponding to the oxide 
.CeOj, and these salts are similar to the salts of zirconium and 
thorium. For this reason cerium will Ire discussed in detail along 
with the tetravalent metals of Group IVa. 

The occurrence of the rare earth metals in the middle of the 
Periodic Table appears < it first sight to be a break in the orderly 
sequence of the elements, and it is certainly a little difficult to 
reconcile their existence wi,th the old notion of the periodic recur¬ 
rence of properties in the elements. It is necessary to plqce them 
in a group by themselves in the centre of the Periodic Table, and 
to regard'the orderly sequence of the elements as being suspended 
bettveen, lanthanum''and tantalum. It is 'remarkable that at 
tantalunl the sequence recommences; tanjalum has all the pro¬ 
perties of an clemerV of .Group 'Va; and the Succeeding clement, 
tungsten, clearly belongs to Group' VIa. Apart froin the fact that 
the next element (which should 6elong to Group VIlA)'appear8 to be 
undiscovered, every succeeding element has cxadtly the properties 
.which, its plage in the Periodip Table would seem to indicate, and 
no further “failure” of the table ooeprs until uranium, the last 
of thp elements, is reach^. 

It is clearly necessary tq abandon the old idea, which still survives 
in the minds of many chemists—presumably because the old- 
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fashioned eightscolpmn form of bhe Beriodic Table still hangfe upon 
the walls of our lectm'e-rooms—that the properties of the eleijnents 
recur regularly ,every eight lelements. It is necessary „to consider 
afresh the eiperimentally proved ^cts.in a sjjirit free from f)rejudice 
or convention. If this is doni, the interpolation of the large rare 
earth group of elements is fo^nd, not to be. a departure from the 
sequence of the elements, bht to be entirely consistent with it. 

Whatever form of tho Periodic ^able is adopted, the inert gases 
(helium, neon, argon, kr 3 q)ton, xenon and nito 2 i) ,must clearly be 
considered to constitute a natural group. If we deljne a “ period,” 
as the series of elements occurring between one inert -gas and tile 
next, wo can—as was pointed out by Harkins '-^-express the 
sequence of the elements in an orderly fa.shion, as fqjlows :— 

(а) Very Short Period ending in Helium . 2 Eljiraents, ke. 2xP’ 

(б) First/SAorJ Period ending in Neon . . SElementsfi.c. 2x2* 

(c) Second Short Period ending in Argon . 8 Elements, i.c. 2 x 2^ 

(d) First iowy Period ending irf Krypton . i8 Elements, i.e. 2x3* 

(e) Second Long Period ending in Xenon . 18 Elements, i.c. 2x3* 

{/) First Very Long Period ending in Niton 32 Elcv.wnts, i.e. 2 x 4* 
(g) Second Very Long Period. Incomplete. —' 

In stating that the number of elements in tho first very long 
period was thirty-two, Harlans assumed that there were exactly 
sixteen rare earth elements (including lanthanum) in the space 
between lanthanum and tantalum. If we are to accept Harkins’s 
view of the periodic classification, wo have to adopt the idea that 
two, and only two, rare-earth elements remain undiscovered.* This 
is a most important point; for tho diffejent rare earth elements 
occur in natuft) mixed together, and in very small quantities, and, 
being very similar in properties, are diflicult to separate from one 
another. Consequently,* only a few decades ago, it seemed an 
almost hopeless task to decide how many of these elements remained 
undiscovered. Eepeptodly, ip the history of the rare eafths, it has 
happened t^iat arpreparation, believed to be a.sftlt or oxide of a single 
metal, has been founi on careful fractionation, to bq a mixtiu-e of 
two salts or oxide*. Harkins’sagencralization, if accepted, would 
fix the total number of these jatths definitely at sixteen* and limits 
the number sff undiscovered mbm^rs to.two*.* * 

Convincing evidence that the number of the rdri? eafths is exactfy 

» W. D. Harkins and R. E. Amer. Ghem. Soc. 3k (1916),’169. 

* The discovery of hafniunf^ if accepted, j^duoes the niunber to one. 

® See algo R. Vogel, Zeitsch. Anorg, Gh^m. 102 fl918), 177. 'V’ogel differs 
from Langmuir Regarding the position or the second undiscovered element. 
(Caution.—There are two misprints in the table on p. *194 of Vogel’s papej.) 



222 


.MENTALS AND IJETALLIC COMPOUNDS 

i' • '■ 

sixteen is afforded by the X-ri,y emission spectrg. of the elements of 
highef atomic numbers A If the number of'rare-earth elements is 
sixteen, thp atomic 'number of lanthanum being fifty-seven, it 
follows that the atomic number .of tantalum is . ' 

f 

57+'i6-73, 

whilst the atordic numbers of succeeding elements will be 


d'ungsten.. 74 

Undiscoveydd element in Group VIIa . . .75 

Osmium ‘ . . . . . . . .< 70 

Iridium ^ 77 

Platinum . • . . . . . .78 

Gold . ". 


Now the. X-ray'emission spectra of thsse elements is known, and 
accords with the values of the atomic numbers just given. On the 
other hand, if the number of rare-ciirth elements exceeded si.xteen, 
the atomic numbers o^’the various elements would exceed the values 

e 

suggested, and this would be inconsistent with the wave-length of 
the emittpd jf^ays as experimentally determined. Moreover, the 
X-ray spectra of many of the rare-earth metals have been studied 
by Moseley, and are found to bo consistent with thcjatoipic numbers 
assigned to them at the commencement of this section. The 
position of the lighter of the two missing elements is placed^ ail a 
1*63011; of Moseley’s work—between neodymiuiji and samarium. 

Harkins’s estimate of thirty-two for the number of elements in ■ 
his first ver// long 'period may fairly be accepted. A simple 
physical explanation for^th^ occurrence in succeeding periods of 

' 2, 8, 8, 18, 18 and 32 elements 

is suggested by Langinuir’f! theory of the atom.- Langmuir has 
shown that, if the outermost electront of the atoms are ass'umed— 

. in the elements of the very short period^to be situated on a 
spherical shell' <si radius r, ‘ ' 

in those rf the short periods to be situated on a spherical shell 
of radius 2r, ^ , ' ' *' 

in those of the logig periods to‘fie situated on a spherical shell 
of radius 3r, ‘ * <’ 

and in those of the ven/ long periods to be situated on a 
<• /spherical shell of radius 4r,, 

and if, in e^h of the inprt gases (in Tvhicli the outer shell is complete 

* H. G. J. Moseley, Mag.. 27 (1914), 703. >• 

• I. Langmuir, J. A'mer. Ghtm. &oc. 41 (1919), 868. 
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and perfectly sJable) the same area is assigned to each electron in 
each shell, then geomefrical considerations demand that the nupiber 
of elements in each period mJUst be the number's stated above. Fo7 
further details of this theory^ the original paper must be consulted. 

Bohr’s theory of the atom is also'ablo to account for some of the 
facts regarding the -interpolatioh of the rara-earth group in the 
Periodic Scheme. It affords^ an explanation of fhe remarkable 
similarity of the elements to one another. It is impossible to 
summarize the argument here, and Bohr’s paper should be referred 
to.i , ' 

If the sixteen rare-earth elements are written in order of atomic 
weights, gaps being left for the two missing elementi/, and a new 
line being commenced after the eighth element, we siicm to get a 
natural classification, thus :— 


Ckuitjm 

t' .57 

58 

59 

00 

01 

02 

o;! 

G4 

Family 

1 La 

' 

Ce 

Fi* 

Nil 

— * 

m 

Eu 

Gd 

Yttiuum 

’ H 06 

.V 

67 

08 

69 

70' ■’ 

71, 


Family 

1 Tb 

r>y 

Ho 

Er 

Tu 

Yb 

Lu 



'J’he first row consists of the so-ealled cerium family, having 
insoluble double potassium sulphates ; the second row consists of, 
the yltrimii family w<th soluble double sulphates. In each row, 
'the elements with distinctly coloured compounds occur near 
the centre; the salts of metals at each end of the row have their 
absorption bands mainly outside the vibiblu part of the spectrum 
and there is liftle or no colour. The fact that tw6 metals with 
rose-coloured salts—neodymium and evbiura—fall ode below the 
other, ig,worthy of note,‘although it may be purely fortuitous. 

Chemistry of the Rare-esfrth Elements. Owing to the rarity 
of the metals under discussion, the chemistry of their compounds 
has not been.fully in^lestigated. In some cases* the metal jtselflias 
never been prepared, and only those properties of tho salts which 
are useful in separating one eletncfit from {mother have been studied 
in any detail.^ • * 

Owing to'tne general similarity‘of prdpertfe^, a separate dfs- 
cussion of each efement would involve mdeh repetition. Conse¬ 
quently, the more important pecyliarilies of eauh individual eloment j 
are given in tabular form Ijeibw, followed by a short generalized 
description of the chemistry of the group'as a whole. < 

* . * 

* N. Bohr, Zeitsch. I’hy. 9 (1922), 1 f ospeciully page .54. 
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The Metals 

The metals in’suoh cases as they have been prepared, ere grey' 
or yellow bodies, fusing at in'oc^erate tomperalures. They seem to 
be highly reactive, falling betweefi zinc and magnesium in the 
potential series, the probable ^efiJer being ' 

Zn, Ce, La, , Mg. 

Their position, therefore, is comparable to that of aluminium, but, 
in the caSe of the rare-earth metals, the reactive character of the 
element is only to a small extent modified by the .pftsencc of a 
protective oxide film. In consequence, the metals fqr the most 
part slowly decompose water, hydrogen being evolved. The 
hydroxide produced hinderiu but does not put a sftop to., the re¬ 
action. With dilute acids, hydrogen is evolved very readily, the 
salts being produced. The metals burn when heated in air, and 
tend to oxidize at ordinary temperatures. Most of the metals 
yield pyrophoric materials v^Jien alloyed with iron; that is to say, 
the alloys give off white-hot, luminous sparks when fiiccl or ^craj)ed, 
owing to the rapid oxidation of the fragments of metal that fly off. 
But in most cases, the pure metals are not pyrophoric, probably 
because they’aio ido soft to give off the necessary splinters when 
fileii 

Some of the metals, notably gadolinium, terbium and dysprosiqm, ’ 
are sfrongry paramagnetic.^ In this, and certain other respects, 
the rarivearth metals .seem to bo allied to the “ transition elements ” 
(iron, nickel, cobalt, etc.) which .stand inj,he centre of the Periodic 
Table. „ ' , 

The preparation of the metals is most easily broughf. about by 
the electrolysis of the fused chlorides. The electrolysis may be 
carried out in a graphite cruc(})le, which forms the cathode. To 
minimize the absorption of carbon by the metal, it is beneficial to 
cover the sides of, the crucible'with a layer oj, alundum cement, 
leaving the bottom bare.^ The presence of moisture in the bath is 
very prejudicial to tjie yield, and,great care must be taken that 
damp air has no access to the eleq|rolyto. The anhydrous chloride 
is best obtainedjby heating the hydrated chloride with ammoniuih. 
chloride. . , • i 

In some cases, the metal is more easUy prepared by the action 
of sodium on the fused chloride, heatijd in vaciw. 

* B. Weiss, Zeitsch. Elektrochem. 14 ^1908), 649. 

* B. Urbain and G. Jantsch, Comptea Reriid. l47 (1908), 1286. Compiare 

E. Wedekind, Bet. 54 (1921), 253. ^ ^ 

» J. F. G. Hicks, J. Amer. Qhem. Soc. 40 (1918), 1619. 

M.O.—VOL. II. 
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Compounds 

Thei oildes (MjOs) or earths (popularly known {(s “ lanthana,” 
“ yttria,” etc.) are formed, of course, Vhen the metals are heated in 
oxygen. They are in most cases conveniently obtained by heating 
the nitrate or oxalate. The hydroxides are thrown down as 
gelatinous precipitates when aaimonia or caustic soda is added to 
the solution of the salts, in the presence of ammonium chloride, and 
are u.sually the same colour as the salt solutions. They differ 
from alumimum hydroxide in being insoluble in alkal's. When 
heated they yield the oxide. Higher oxides are known in the case 
of a few of the metals, being obtained by heating the nitrate or 
oxalate in 'air. By heating praseodymium nitrate with 'nitre, a 
blackiih oxide,(Pd 02 ) is obtained *; neodymium also forms a higher 
oxide. ' When terbium oxalate is hffated, a red-brown body of 
rather variable composition is produced, to which the formula 
TbiO, has been assigned.^ 

The Salts are mostly soluble compounds, which are colourless in 
some cases, tut are rose, green and yehow in others ; the absorption^ 
bands iire in moat cases characteristic, and' serve for the detection 
and distinction of the metals. The appearance of colour is another 
fact which suggests that the rare-earth elements are related to metals 
standing in the centre of the Periodic Table. The chlorides, 

, sulphates and nitrates are soluble crystalline solids ; the anliy- 
drous chlorides have a considerable affinity for water, but differ 
from aluminium chloride in being comparatively non-volatile. The 
carbonates and oxalates are insoluble and arc obtained by 
precipitation. t 

The sulphides can in some cases be obtained most easily by the 
action of ' carbon disulphide on the oxide. Lanthanum and 
praseodymium sulphides are prepared by the action of hydrogen 
sulphide gas on the dry sulphate.' They cannot be prepared by 
precipitation from aqueous solution. In both these cases, besides 
the normal sulphides, La^Sj and Pr^Sa, disulphides and PrSa, 
are knbwm’ t 

Most of the metp.ls fqrm yell 6 wish nitridOfe (of general formula 
MN) which 3 deld qmmonia wheil treated with water. 

Several of tl^e'metfcls forai double sulphates ^ith potassium, 
which are almost insoluble in strong solutions of potassium sulphate. 
Trivalent aerium behaves"ln tl^is way. If a solution of cerous 
sulphate, ( 11 ) 2 ( 804 ) 3 , is treated with |xcess of potassium sulphate, 

*' 4 *' B. Brauner, Proc. Soc. 14 (1898), 70; 17J1901), 66 . 

* G. Urbain,<Gomj 5 <e 4 Rend. 141'(lj^06), 621. 

® W. Biltz, Zeitsch. Anorg. Chem. 71 (1911), 427. 
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practically the wWa of #he cerium is jfrecipitated as the double salt 
3 KsS 04 .Ce 2 (S 04 )a or 43 [CefS 04 ) 3 ]. Analogous'insoluble dcMible 
sulphates are^forlned in the'case of all the known elerSents with* 
atomic numbers between 57’a)jd 64, namely lanthanum, cerium, 
praseodymium, neodymium, samaridm, europium, and gadolinium. 
The other metals of the group,* namely the eJemen^ with atomic 
numbers between 65 and 72—lis wgU as yttrium—are not precipi¬ 
tated by potassium sulphate in this way. This fact is of e.xtrftme 
importance, because It enables us to divide the mettflf into the two 
natural fellies which have already been refen'cd to :— 

(1) the Cerium family, which is precipitated bjj potassium 
sulphate :— • 

• La, Ce, Pr, Nd, Sm, Eu, Gd. 

and (2) the Yttrium family, which is not precipit.'»ted :— 

Sc, y, Tb, Dy, Ho, Kr, Yb, Lu. 

It should 1)0 mentioned that both gadolinimti and scandium lie 
somewhat on the border-line Itetwcen the two groups ; gadolinium 
is largely precipitated alon^ with the cerium faraih^ but partly 
appears in the filtrate’afong with the yttrium earths. S(flindium 
is, to a considerable extent, precipitated by potassium sulphate, 
but is not pr?cipitated by sodium sulphate. 

Analytical 

■■ The rare earths are precipitated under the same conditions as 
aluminium, namely by ammonia in the presence of ammonium 
chloride. They can be separa’tcd from iduminium, iron and 
chromium, by pfboipitation with oxalic acid in weakly Scid solution. 
Oxalates of the rare earths are insoluble^ in acids andjare thrown 
down under these conditions, the other metals mentioned remaining 
in solution. O.xalates of thorium and zirconium may also be 
precipitated under thes^ circunifjfances, but can be largely Amoved 
by boiling the preoipitate with ammonium o.xalJte solution^ whiSh 
dissolves zirconium and^most’of the thorium. , • 

The rare earth metals can thus he separated (juantitatively from 
other metals (except thorium) in,this comparatively simple mannej. 
They can also ISe separated into 1the»cerium and yttrium famili^ 
more or less comptetely by precipitation of the ^Ipflates with 
potassium (or sodium) sulphate. Ther^fe, howe.ver, no satisfactory 
method of carrying the separation any further. If a knowledge of 
the amount of the individual Aetals present in a mixture is«desi^e^, 
it is necessary to» apply the labprious *me^ods of separation dis¬ 
cussed below in the section* headed “ Isolation of rare-earth 
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metals from mineral souroet,” endeavouring, d)y preserving all the 
frastions of the I'aaterial, to render the ultimate separation complete 
and q;iaKtitative. ' This is, as a matter of fact, vpry nearly im¬ 
possible. t ^ • 

In certain cases a rough idea of the amount of the coloured 
elements present can be obtained-by t^ie study of the absorption 
spectra of the salts. „ 

4 

/ Ter EKSTKIAT- OcCUEEENiE 

The small quantities of rare-earth elements present in rock 
magma terid to accumulate in the liquid portion during the process 
of consolidation, and are to be found in the minerals conneqted with 
the final stage of the process. Cerium, and the metals of the cerium 
family,, occur/in notable quantities ie certain granites, and in the 
sands and gravels which have be(m formed by the weathering of 
those granites. For imstance, tfie mineral 

Monazite, xisiuiUy mitten (Cc,La,Pr)P 04 , hut containiwj also thorium, 
occurs in ceiiain sands found in Brazil! hulia, Ceylon,•and elsewhere 
these shnds are eagerly sought after as sbu'rees of thorium. Other 
important thorium ores, like thorianitc, contain cerium. In addi¬ 
tion, the hydrated silicate ‘ 

Ccrite' . . . CejSiOi.ajH./) - 

ocfiurs in gneiss in Sweden ; besides cerirtni, it contains about 7 
per cent, of lanthanum, praseodymium, neodymium and samarium. 

The yttrium metals have a similar mode of origin, and appear to 
have been evolved, ii^ pa^-t, along with the vapours given off during 
the final stage of consolidation of an intrusive m»..ss. The silicate, 
which has-been mentioned in the section on beryllium, 

Cadolinite . . . Be,Fe(YO) 2 (Sip 4)2 

occurs,in pegmatites. It contains, besides yttrium, the other 
elements of the yttrium family. - 

Mar^ other mirterals contain the rare"’ earths,- especially the 
complex itiobates :— • 

, t, 

Sauianskite f A complex niobate and tantalate of iron, 
' ,' calcivrh and the rare-Bji;th metals. 

Euxenite .' . ,_. A complex niobate and titanate of the rare 
..^earths and uranium. 

# •* f , 

Moreover <iirace8 of rare-earth ijietals occur in many common 

4 

' ^ The formula is tliat Suggested by Crookes, who adds, " the true com- 
position of t he mineral is cnly known approximately, aitti in its structure it is 
anything but homogeneous." 
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minerals, and arc oscasjonally the cause of coloration. Certain 

specimens of apatite have a red-violet colour, commonly attributed 
to manganese.|bu< really due*to neodymium.Yttrium'isia par-' 
ticularly widely dib'tributed tfleijierrt.^ Minerals like strontianite, 
witherite and aragonite often contain 0-0,5 to 0-2 per cent, of yttrium. 
One specimen of pink boral.was found to contaih 0-5 per cent. 

Scandium, and several otherVare^»rth elements, occur in small 
quantities in certain tungsten ores found in Saxony. The siliclite 
of scandium, known as 

• 'Phorveitite .... SciSi./),, 
deserves mention, in spite of its rarity, because it is ,a t;onvenient 
source o^ scandium.^ It is found in certain*Norwegianjxigmatitos 
and also in Madagascar. Thorveitite contains small quantities of 
yttrium and ytterbium, btit ks nearly free from the iflerabcr.s of the 
cerium family. 

IsoLA-riox or Kark E-mjths fko.m Minbral Hourobs 

• 

It is fortunhtely not nefessary for any technical |)urposes to 
carry out the complete separation of the various rare-earth minerals. 
Crude cerium oxide, containing oxides of other rare-earth metals, 
is obtained as a bve-product of the thorium industry. The mixed 
oxidas are reduced to the metallic state, the product obtained being 
known as misrlitmtall. It contains most of the rare elements 
in v'arying froportions. Mi.schmetall is allf>yed with iron, yielding 
a pyrophoric material which is used in the manufacture of “ flints ” 
for pocket cigarette-lighters and* similar purjioses. This matter, 
and other speciij uses of cerium, will be ediisidcred further at a 
later stage (page 267). 

Apart from cerium, the only rarc-eartlf metals which have any 
technical employment are pr^iseodymium and neodymium. A 
mi.xture of the oxides of these two metals (known as didymio,) is 
utilized for the produetfnn of thTi pink lettering,that may be seqji 
on gas-mantles. , 

The ultimate separatiiJn of the^ different rare-earth •elements * 
has, therefore, been carried out ijjainly atf a lAatter of rssearch. 
The details of th (4 method naturally, depend on th» mineral chosen as, 
the source, and upoij the nature of tire other ^metals,prqpent in it. 
Silicates may be decomposed with aehj.if reduced to sufficiently 

• • 

> E. T. Wherry, J. Wash. Acad. 7 (1917), 143. 

2 Sir W. Crookes, Phil. Trans, tli (1883), 891f , 

® P. and (7. Urbain, Comptes liend. 174 (l(^22),*1310. 

* See C. James, J.*Amer. Chem. *S'or.»30 (1908), 979, for a complete scheme 
of separation. * 
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fine powder. Sulphuric acid brings about, th^decompofition most 
quickly in somd' cases, hydrochloric acid in others, whilst the 
' niobatp-tantalate minerals dissolve^'best in hydijofluoric acid. 
Fusion with potassium bisulphate Ijas also found application. The 
residue, after evaporation to dryness, is extracted with water and 
filtered from silica.' From the neutralized solution, most of the 
foreign metals can be precipitated by ammonium sulphide, and the 
filtfate from this operation contains tho rare-earth metals, including 
cerium. It 4'best to precipitate them all together as the insoluble 
oxalates by adding oxalic acid to the faintly acidified solution. 
Should thorium and zirconium be present, the oxalate precipitate 
should be "boiled with, ammonium oxalate to dissolve out these 
metals. The insoluble oxalates of the rare earths are then converted 
to the sulphates by heating with strong sulphuric acid, and the 
hydroxides can be obtained by precipitation with alkali. 

In many cases it may be found convenient to use the “ earthy 
residue ” obtained iji tho technical extraction of thoria from mona- 
zite as the .starting-iwint for the preparation of individual rare- 
earth metal^ ' , , 

It is*possible at once to separate thcs iiiembers of the cerium 
family from those of the yttrium family by precipitation of the 
sulphate solution with excess of potassium sulphate or sodium 
sulphate. The cerium family, it will be remembered, form insoluble 
double sulphates of the type M 2 (S 04 ) 3 ..‘{K.,S 04 , and can thus be 
removed by filtration ; the yttrium family ?.rc found in the filtrate. 

It is also a simple matter to .separate cerium from the other 
metals belonging to the cerium family, by taking advantage of the 
fact that cerium fornjs a higher oxide with very feeble basic pro¬ 
perties. Thh mixed hydroxides are dissolved in'^nitric acid, and 
stirred with excess of ziinc oxide and potassium permanganate. 
The cerium is oxidized to tho ceric state, and is at once precipitated 
by the zinc oxide ; the other metals remain in solution in tho 
trivaleht condition. 

' But, having dit ided the metals into the two main classes, the 
further separation becomes most tedious and difficult. No method 
is known by which any two of th j metals can Lc separated in a single 
operation. All that can Ire dorTj .is to apply some such process as 
■fractional crystallrzation or, frafctional precipitatton, in order to 
separate fhe'rhaterirl into different portionj respectively richer 
and poorer in some one i'lietal, the richer fractions being treated 
again in the same way. By reprrating tho operation sufficiently 
often, a comparatively -pure corrpourid of tho metal in question can 
finally be obtained, fhe''difficrrlty of the proqess is not merely 
due to the simtfarity in chemical properties of the different metals, 


I 
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but also Jx) the* fact that it is v^ry Ijard to tell, at the end’of the 
operation of fractional crystallization, what progress—if anij—has 
been made in cqncentratingithe desired metai in certain fractionj. 
Where the inetalg.form coloured s^lts with cjiaracteristic absorption 
spectra, the spectroscope can be^sed to estimate roughly the amounts 
of the various metals in differ^t fractions, aud the»work is greatly 
facilitated. In other cases, tie spark spectra, or t\i<3 phosphorescence 
spectra, have been used as a guide t!*o enable the chemist to “ follow ” 
the progress of separation. In general, the pure substances are not 
phosphorescent, but a very small quantity of a sdliond rare-earth 
element is sufficient for phosphorescence. The phosphorescence 
of a rare-earth mixture is conveniently excited by t^hfwing cathode 
rays to play upon the preparation. More recently ^t has become 
customary to study the magnetic properties of the fractions, using* 
the results to estimate th« approximate quantities of the Afferent 
earths in the various fractions. ‘ * 

Where one of these methods, can bo adopted, the chemist who is 
endeavouring to effect a separation of the cfiffcrent rare metals is 
not working completely ^ ip the dark. But unless some physical 
method of the kindxcpi'be found to guide the chemist, the only 
method is to determine the average atomic weight of all the different 
fractions obtained after a series of fractionations—obviously a most 
tedious process. 

•The details of a process of repeated fractionation cannot be 
described in this book, but some idea must be given of the systeffi 
, employed. Suppose that we start with a crude mixture of salts 
(shown as Aj in the table below) and desire to employ fractional 
crystallization to separate it into its iporo .soluble and less soluble 
constituents. • It is dissolved in hot waW, and jthe solution is 
concentrated and cooled so as to allow about half the jalt to crystal¬ 
lize. The mother liqqor Bj, contaitiing an increased quantity 
of the more soluble constituent, is poured off from the crystallized 
fraction, Bj, in which the less soluble constituent has become 
concentrated. Each* of theSe fractions ar<k then crystalli^Jd a 
second time, so as to yield two portions; but the m^st soluble 
portion from Bj i§ nRxed wjtlj the less soluble poAion from Bj. 
Thus we get three fractions in pll, C„ C'j and C 3 . Each of these is 
crystallized jrfresh, and thus’the process, cor/^inues as indicate in 
the table below., If, after a time, the “ njost solmbla” and “ lefwt 
soluble ” fractions of the whole serie&become inconveniently small, 
the system may be modifiecj Somewhat; for instancy the ‘“head *’ 
and “ tail ” fractions ma}* only be fraQtionj,ted at every alternate 
stage ; when Jhis modified procedu)|e is'adopted, the total ffiftnber 
of fractions ceases to inersaSe, but thfe least "soluble constituent 
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gradually becomes concentiatfd in the portions near the “ head ” 
of the^series, and the most soluble in the portions near the “ tail.” 
^Obviously it may be convenient to nodify the system iu many 
ways to'suit the requjrements o| individual cases, btt the same 
general principles usually apply^ Pi’actional precipitation is also 
conducted in a methodical mannsj, based upon rather .similA.r 
principles to those employed in fractimaf crystallization. 




(.east 
ooluble 


/>H. 




E 

*>X / -X 

xX-x^^"'x,^. 

X,X*x,^X 


'Xj_^ Most 

^ Soluble 


Separation of the Metals of ^^he Cerium Famih- 

Cerium itself is comparatively easily separated, as described 
above, owing to the i^oak basicity of ceric oxide. "Thi? leaves the 
nitrates of lai^hanum, praseodymium, ncody^mium, samarium, and 
europium in solution.^ •' • o 

Le.nthanum is conjparatively easily separated frovi the others, 
owing to the^fact ,that its hydtoxide has a more strongly basic 
character and is more soldble in the presence of ammonium chloride.^ 
Ey slov/ly adding to a warm seluticfi of the mixed chlorides (con¬ 
taining ammohium chloride) small (fu^ntities of ammonia (also 

,. « t- *' 

1 ^..Prandtl mid J. Rauchenbei^er, B^r. 53 (1920), 843 v ZzUach. Anora. 
Chem. 120 (1921), 120! » 
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containing ammoniijm phloride), the feoltition being stirred during 

the addition, practically all the less basic and less soluble hydro^cides 
are separated inithe first portions, and com{)aratively* pyre Ian* 
thanum chloride is left in selution; the la»thanum can then be 
thrown down as hydroxide by adding a further quantity of ammonia. 
The various fractions-of tlje precf{)itate are redissolvSd in acid, and 
the fractional precipitation pJocesg is rcix;ated, until sufficiently 
complete separation has been arrived at. • 

Alternatively the whole of the metals present can-be precipitated 
as the hydroxides, which are then treated with small quantities 
of bromine water ; the lanthanum dissolves mo.st freely in the 
first portions, and by repeating the proce,ss two or three’ times, pure 
preparations of lanthanum, free from the other metals, are obtained.^ 

Of the less basic metals members of the cerium family praseody¬ 
mium, neodymium, samarimn, europium and ga<Jortnium,,the first 
two are always present in the largest quantities. The separation 
of the five metals is accomplished by repcatijd fractional crystal¬ 
lization as :— , 

(a) double ammonium Tiitrates of type 

* * M(NO,)3.2NH4NO'3.4HjO ; 

{b) double manganese nitrates of typo 

2M(N03)3.3Mn(N0a)3.24Hj0 ; or 
(c) double magnesium nitrates of type 

2M(N03)3.3Mg(N03)3.24H30. 
• -* * 

The order of solubility is the order of atomic weight, the praseody¬ 
mium salts being the least soluble, and the gadolinium salts the most 
soluble. Thus praseodymium tends to collect in the early crystal¬ 
lizing fractions,«neodymium in the middle frifctions, wjjilst the three 
rarer elements tend to remain in the mother liqijor. Where 
praseodymium and neodymium are* to be prepared the am¬ 
monium or manganese method^ arc preferable. But if an attempt 
is to be made to obtain pure compounds of samarium,^ europium,^ 
or gadolinium,^ the (Jbuble ma'^nesium salts ar* more satisfactory. 
The separatidn of the two kst named elements is particularly 
difficult. It happeiijj, llbwever^ jjfiat bismuth magnesium nitrate 
has practically the same solubility as the eflropium compound. 
By adding a pyiderate quantit/of bismuth^ nitrate to the solutiqjj, 
most of the europium crystallizes ou? along jrith th^ bismuth, andi 

^ P. E. Browning, Oomptes liend. (1914), 1679.' • • 

* 0. J. Stewart and C. James, J. A7}ier. (Jhem. Soc. 39 (1917)^2605 ; A. W. 
Owens, C. W. Bailee and H. C. K#emer^, J. Ame^. Ch^n. Soc. 42 (1920), 615. 

* G. Urbain and H. Lacorabe, Comptea Rmd. *138 {1904), 627 ; C. Jfcihes 

and J. 13. Kobinsoif, J. Amer. Chem» Soc. sfe (1911)> 1363. * 

* L. Jordan and B. S. Hopkins,“J. ATner. Ckem. Soc. o9 (1917), 2614. 
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can thiis bo separated witn it.r The subseqvi,ent .removal of bismuth 
from ^europium by means of hydrogen sulphide is comparatively 
easy. (Ja^linium iS best purified ifiy fractional (yystallization 
as the dimethylphospbate. . • •• 

By patient fractionation all ‘iho ^members of the cerium family 
have been prepared in a state of Moderate pvurity. 


‘Separation of the Metals of the Yttrium Family 


The yttrium' family occur together in nature in such minerals as 
gadolinitc and euxonite, but the separation of the different members 
in a pure stSitc is a most tedious operation. 

Yttrium js by far tire most abundant clement of the family, 
and is probably most conveniently separated from the other metals 
by fractional precipitation of the metali- as ebromates, through the 
addition of potassium chromate to a solution of the oxides in 
chromic acid.’^ The chromates of the heavier metals are most 
insoluble, and yttrium tends to accuipulate in the filtrate, but the 
method must be repeated a large number of times before pure 
yttrium ,salts can be obtained. For the removal of the last traces 
of erbium and holmium, fractional precipitation with sodium nitrite 
is said to bo the most efficient method.^ 

Many alternative separation methods are known for concen¬ 
trating the other earths of the yttrium group. All are lengthy 
and, troublesome. By repeated fractional .crystallization of the 
formates,’* three principal portions arc obtained. Of these, thev 
lightest and most soluble portions can be worked up to give pure 
yttrium salts, whilst from, less soluble portions other members of 
tbe family have been isdated. 

A more general method of separating the individuals of the 
yttrium family is by fractional crystallizetion as bromates.* The 
rare-earth sulphates can be converted to bromates By double 
decomposition with barium bromate. The order of the solubility 
of <the bromates is gjyen below ; it' is roughly the order of atomic 
number#, except that yttrium and'scandium (which have much 
lower atomic numbers than the ptfiers) ai*e ovt of place :— 

(^Least solvhle) Tb, Dy, Ho, Y, Ef-, Ju, Yt + Lu, Sc (rrmst aoluhk). 
'fhe fractionatioq of thfe brontates is continued unti'i about twenty 
'fractions are oWained’. These can be classified as:— 


' J. E. Egan and C. W. Balke, J. Amo:. Ohem, Soc, 35 (1913), 365 j H. C. 
Holden and C. James, J. Amer. Ghem. So<r. 36 (1914), 642. 

* B. S. Hopkins and'C. V.'. Balke, X Amer. Ohem, Soc. 38 (1916), 2332. 

® 'A. Betfcendorff, Lieb. Ann. 352 (1967), 88. * 

, * 0. James, J. Amer. Ghem. Soc. 30 (1908), 182, 979. 



235 


THE tiARE-teAKri]| [Petals* 

(1) Lsast soluble factions ; 'alin^t lolourless yttrium bromate, 
containing traces of terbium, and usually small ;*mounts of Sjn, Eu, 
Gd, belongijpg to the ceriufu family. 

(2) Yellowish •fractions eonsisting of impure yttrium oromato, 
which shows the absorption iands of dysprosium and holmium. 

(3) Pinkish fractions,, cons^ting of yttrium brttoato containing 

erbium. ‘ 

(4) Fractions of yttrium bromate containing thulium, but still 

coloured pink witii erbium. . 

(6) IJost soluble fractions. Mother liquors containing ytter¬ 
bium with lutecium, scandium, and also .some thulium. 

From the different fractions, the different eleinents can be pre¬ 
pared in special ways. The least soluble portions ci the broniates 
can be rccrystallized again, and, with patience, fairly pure bromats 
of terbium is obtained.’* It is, of course, neces1<ary ti; start with 
a very large amount of raw material, if any appreciable, quantity 
of terbium salt is to bo prepared. 

The separation of dysprosium ^ from ttie kindred elements is 
best finished by meansj »of the fractional crystallization of the 
“ ethylsulphate ” from alcoholic solution and at a fairly low range 
of temperatures (9^° C.). The process is very laborious. About 
sixty recrystallizations may bo needed in this final stage of the 
process alone, and the product will still contain traces either oi 
nolmium or terbium. 

The isolation of holmium salts ’ is especially difficult on account 
of the minute quantities in which the element occurs, and on accounf 
of its close relationship with yttrium, which is generally present ir 
comparatively large quantitit's. Tlnr fact that yttrium salts an 
colourless aiW show no absorption bands in spectrascopic examina 
tion makes the separation particularly difficult to,, follow. Frac 
tional precipitation witli sodium iiitrAe is said to give fair results 
whilst’fractional crystalliaation as nitrate, and fractional pre 
cipitation with ammonia have been employed. 

Erbium * is.proeent in considerably larg«r quantities tliam hoi 
mium, and has been obtained in the form of quite pureValts. Thi 
separation from yttrium, wh»h is naturally the main impurity 
can be brought about by fractianal precipitation with sodium nitrite 

^ 0. James ancUD. W. hiascl, J. Amer. (Jhem. iSof. 2000. • 

* G. Urbain, Comptcif Rend. 142 (IQOO), i(85 ; H. C. Kromers, B. S. Hopkin 

and E. W. Engle, J. Amer. CheiruSoc. 40 (1918), 598. • • • 

* L. F. Yntema and B. S. HdpKius, J. Amer. Chem. So(A 40 (1918), 1163 

0. Holmberg, Zcitsch. Anortf. Ch^. 71 (l^^ll), 226; H. C. Kromers an< 
C. W. Balke, J. Amer. Chem. Soc. 40 (1918)» 59!?. * • * 

* E. Wichers,*B. S. Hopkins and C. W. ^alkp, J. Amer. Chem. Soc. 40 (1918) 
1816. 
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An older method which g lesfgood results js to fuse the mixed 
nitrate^of yttrium stid erbium, so as to cause partial decomposition. 
. It «is found othat erbium nitrate dec(tpiposes more Ojasily- than 
yttrium nitrate. If, therefore, the partly decomposed mass is 
extracted with water, and the Kquitt obtained is filtered, so as 
, to separate the Solublu nitrate from Jthe insoluble basic nitrate or 
( oxide produced by the decomposition., the yttrium will tend to 
become concentrated in the filtrate, and the erbium in the 
insoluble residue i the residue is reconverted to nitrate, and the 
• process is repeated.^ 

Thulium^ can bo separated in a fairly pure state by oft-rejieated 
recrystallizatioh as bromate. Being present in minerals in only 
very minute f|V!antitie.s, it is necessary to start with a very large 
amount of raw material. 

Ytterbiupi, lutdeium and scandium ooeur in the most soluble 
fractions obtained by the bromate method. Scandiui;n, although 
generally regarded as a member of the yttrium family, has a double 
■ sulphate much less soluble than ytterbijim, and by saturating the 
neutral solutions with potassium sulphate, the double sulphate of 
scandium jjid potassium is precipitated.Tlhe filtrate contains 
ytterbium and lutecium, and can be precipitated by oxalic acid to 
give the oxalates, which are then ignited to give the mij^ed oxides. 

The mixture of oxides of ytterbium and lutecium thus obtained 
was regarded until about 1905 as a pure substance, being called 
ytterbu{. But between 1905 and 1907 Urbain i carried out 'i long 
research which enabled him to show that it consisted of two com¬ 
ponents. To the major component he gave the name “ neo- 
ytterbium ” to distinguish p, from the mixture previously .styled 
ytterbium, whil.srt the newly separated minor constituent he called 
lutecium. Uqljain’s method of separation consisted in crystal¬ 
lizing the mixed nitrates from* a solution containing fna^ nitric acid, 
the progress of the operation being followed by measurihg the 
magnetic properties of the various fractions. About two hundred 
scries of recrystallizatieps (involving 4,000 separate /jrystallizations 
in all) werfe needed before pure neo-yCterbium could iJe isolated, 
the work occupying about two yop.rs. Lutecium has not been 
prepared pure. 

W 

modification (K ihis pfoccss is described by .P. H.tM. P. Brinton and 
C. James, J. A7ncr. Chein. Soc. 43t(»^921), 1397. 

C. James, J. Amer. Chem. Soc. 33 (19J1), 1332. 

* C. James, J. Amer. Chem. Soc. 30 (1908),^91. Otlier methods of obtain¬ 
ing scandium are described by J. Meyen ZeAsch. Anorg. Chem. 86 (1914), 
257 ; K.‘and Urbain, Comptls Rend. 174 (1922), 1310. 

^ G. Urbain, ComptesJRend. 145 {l607), 759 ; J. Bluinenfeltf and G. Urbain, 
Qoi&ptes Rend. 159 (1914), 323. • 
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The two “ Elements.Y tt is natural to ask whether 

any of the recent researches on the rare earths have pointec^ to the 
existence the two untiiscovered rare-dhrth metols^ Several 
“ new elements have indeed been described from time to time,, 
but, in most cases, they w^re probably really mixtures.* It is 
doubtful whether any .well-siipported claim has’been made-—up 
to the time of writing—toHhe jliscovery of the* missing element 
between neodymium and samarium. But recent re.scarchei seem 
to indicate that the element of atomic number 72 exists in quite 
important quantities (up to lOper cent.) in certain zirconium minerals 
found in Norway,^ and elsewhere. A study of the X-ray spectrum 
indicates that the atomic number of ^le ncw^nc^al is actually 
72. •The new element has been named Hafnium. « The chemical 
properties of hafnium—so far as they arc known—seem to bi 5 
extremely similar to those of zirconium, the elfcment jrith which 
hafnium is j,ssociated in nature ; it seems, therefore, that hafnium 
must properly be regarded .as a member ^of Group IVa rather 
than as a rare-earth elemevt. If so, we can say that the “ orderly 
sequence , of the eleijiAnts in the jjeriodic table commences, 
not at tantalum Klroup Va) but at the preceding element, 
hafnium (Group IVa) ; it is interestijig to note that this is quite 
consistentrfcithjthc Bohr theory of the atom. 

* ' See for inslAncc C. A. von Wclsbae}!, Zeitsch. Anorg. Chem. 71 (1911), 
439; jV/ona/.s;<. 34 (1913), 1713; Lieb. Ann. 351 (1907), 458; compJte 
Urbatn, Zrii.srh. Anorg. Chan. 68 (1910), 230; J. Blumenft^fl and 
G. Urbain, Compifs Rend. 159 (1914), 323. 

2-D. Oostor and (1. Hevesy, iVd/wff' 111 (1923) 79, 182. Compare A. Scott, 
Trans. Chem. *SVjc., 123 (1923), 311.» (5. Urliain and A. Dauvillier, Nature^ 111 
(1923), 218. 
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ACTINiyM 

A’fcomic .weight 226 

« 

Actinium, the last member of Group IIIa, has been mentioned 
in the chapter on radioactivity. It is probably 'a product of decay 
of uranium, the immediate parent being the unisolated ^element 
eka-tantalum. Although we know that actinium must give off 
/S-rays when It gives rise to radio-actinium, yet the radioactivity is 
so feeble that,.it is often described as being ray less. The aotivity 
"of the so-called “ actinium preparations ” is almost entirely due 
to the dejicendahts of actinium. •> 

Chemically speaking, actinium has little interest. ,It resembles 
lanthanum so closely that it would certainly be described as a 
“ rare-earth element,’^ if it happened to occur mainly in the same 
minerals as the other rare earths. TImj, salts are colourless, and 
resemble /hose of lanthanum in their appefcranco and solubility 
relations. The hydroxide is gelatinous, and slightly more strongly 
basic than that of lanthanum. ... 

Actinium occurs in pitchblende and other uranium ores, having 
been formed, probably, through the radioactive transformati6n 
of wljat were originally uranium atoms. From the acid, solution 
of pitchblende, the radium (with lead and barium) may be pre- - 
cipitated as sulphate, and then the polonium (with bismuth, etc.) as 
sulphide; finally the actinivm (with iron, lanthanum, etc.) is pre¬ 
cipitated with ammonia. If the mixed hydroxides ate worked up 
as though for ^he separation of lanthanum, the actinium is separated 
with the lanthanum. Finally, when a fairly pure lanthanum- 
actinium preparation has been obtained, the two metals kre con¬ 
verted to Uiie state of double magnesium nitrates, by the fractional 
crystallization of which a partial separation.of .lanthanum and 
actinium Is p^ossible. * 

When first separated, salts of aoftinium are soarcely radioactive, 
but the activity increases steadily as the preparation is stored owing 
to ftie formation of,'the .products 'of decay. After'I’ome months 
a''preparation of b.otinium has very remarkable “ emanating ” 
power, giving off the radioactive gas “ actinium emanation.” If 
an old actiniuffli preparation w heHi,up near to a zinc sulphide 
screen, the^screen becpmes luminovs whenever the slight currents 
existfijg in the air happen to blow the emanation oij, to the surface 
,of the screen. 



GROUP IVa 



Atomic Weight. 

Titanium 

48-1 , 

Zirconium 


Cerium 

. 140-25* 

Thorium 

• 

. 232-15 


The elemeifts of Group IVa usually exert a valency of four, form¬ 
ing stable oxides of the type MO,, althouglu two members of the 
group, titanium and cerium,* also form lower compounds, in which 
the element is trivalont. ‘As in the case of boron, the oxides have 
an acidic, rather thanTi basic, character ; titanium has^ much in 
common with silicon, and is often regarded as a non-metal. The 
basic charaiJter (rf the oxide increases in the group with the atomic 
wfiight. 

The infusible character of the oxides, met with in the last group, 
is found Tigain in Grdup IVa, and the tendency to form colloidal 
solutions and gelatinous precipitates also recurs. The elements 
possess fluorides of type MF^ which combine wdth fluorides of 
potassium (or^sodium) to form well-dcvelaped complex fluorides of 
the type 2 KF.MF 4 , or Kj[MFo]. The occiuronce of the common 
co-ordination number, six, in the complex, is worth pobiting out; it 
will be ijiet with frequerftly in some of the later groups. 

The new element hafniumr*referred to on page 237, appears to 
be properly a member of groivp IW. 
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TITANIUM 

^tomic weight 48-1 

Titanium is frequently classed with the non-metals and will only 
be discussed briefly in this volume. The mofo important oxide, 
TiOj, is distinctly acidic in character, and forms titanates re.scm- 
bling closely the silicates. Nevertheless basic propertied are not 
wholly lacktig, for sulphate.s derived from both oxides have been 
obtained in the .:olid state. 

The Element 

The element is' not often met with in a state of purity. As 
usually prepared, it is a shining grey powder, or a steel-like mass, 
very hard and brittle. Pure titaniiun. however, is fairly malleable, 
especially when hot. It melts at 1,1;%° (t Titanium combines 
readily ^'ith oxygen, nitrogen and carbon-at high temperatures. 
When burnt in air, a mixture of oxide and nitride is formed. The 
equilibrium value of the electrode potential of titanium, is unknown, 
but, since titanium dissolves in dilute acids with evolution of 
hydrogen, it clearly falls on the “ reactive side ” of hydrogen in the 
‘Potential Series. 

Laboratory Preparation. The difficulties connected with the 
preparation of elemental titanium are due to its great affinity for 
oxygen and other non-pietals. When the dioxide (TiOj) is heated 
with sodium, fw instance, the product still contains Sxygen ; when 
reduction with carbon is attempted, the product usually contains 
carbon. Often when oxygen and carbon have been eliminated, 
the material produced is found to haPve taken up nitrogen", and for 
a long time titanium nitride was actually regarded as metallic 
titanium. HoweveA-by heating titanium chloride in a si)ecial 
form of bomb with sodium, beads of fairly pure titanium have been 
obtained. 1 By the careful use of' a hammer, "the.so beads can be 
forged into small rods at a red heai. Another method of preparing 
titanium consists in passing a mixture of titanium chloride vapour 
and hydrogen bVer sedium hydride, heated aV 400° C. By this 
method a grey crystalline "^wder, consisting of pure titanium, 

can be obtained.^ " 

^ •( 

' A. Ifunter, I2lh int. Cong. App. Chem. (1912), Sect. II, 125 ; D. Lely 
and L. Hamburger, Zeitach.,Ano'^g. Chem. 87 (1914), 22fi. 

* M. BUly, Compies Rend. 158 (1914), 678. 
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ciompounas 

The main compounds are (lerived from the two oxides, TLCfj an<J 
TiOj. The Armes is basic, but the salts ar^ unstable, and act as 
powerful reducing agents. THb laiter is both acidic and basic ; 
it forms titanates with alkalis, jjut, on the othpr hanri, forms easily 
hydrolysablo salts with acids.* 

A. Compounds Tetravalent Titanium (Titanic Com¬ 
pounds 1). * 

Titanic oxide, Ti02, is formed when the element or the lower 
oxide is heated in oxygen, and is a white ^nfusibjg^substance. In 
a hydrated form it is produced by precipitation from a titanato 
or titanic salt. The variety produced when a cold solijjiion of 
titanic chloride is treated Vith alkali is a voluminous vjiito pre¬ 
cipitate containing much water, and sometimes regarded as oHlio- 
titanic acid, Ti(OH )4 or H 4 Ti 04 .* When obtained by the hydrolysis 
of a boiling titanic chloride solution, a denser form containing less 
water is obtajned, frequently regarded as metatitanic acid, TiO(OH) j 
or HjTiOj. Whethertjr not these are definite compouisis is still 
very uncertain. As often hapjiens, the voluminous form (“ ortho- 
titanic acid o’) is.readily soluble in dilute acids, whilst the denser 
form (“ metatitanic acid ”), which is produced at a higher tem¬ 
perature, is only very slowly dissolved. It is quite possible that, 
the difference between the products obtained at different tempera- 
tuA'.s lies merely in their state of aggregation (as in the case of 
beryllium hydroxide), the primary particles being bigger in the pre¬ 
cipitate obtained from a hot solution. «!Vn^ydrous titanic oxide is 
almost unattacked by acids, no doubt on account dt its compact 
character. 

Titanic acid is readily obtained as a colloidal solution. The 
solution of titanic chloride obtained by dissolving titanic acid in 
hydrochloric acid is considerably hydrolysed, and if the majority of 
the hydrochloric acid is gradually removed by* dialysis, a colloidal 
solution of titanic aci(^ is lett. If the liquid produced •contains 
more than about 1 ^er cent, of >itanic aqid, i^ is apt to gelatinize 
spontaneously.^ 

By treatiilg*^otassium titanatS wif.h a smaU’quantity of conCbli- 
trated acid, at ordinary temperatures, a clear fic(bid*is obtained 
which gradually becomes opaque an^ 'gelatinous. Tlje gelat^ous 

* Some authorities, including Ab^g, use the term " titanic ” for the 
compounds of trivalent titanium, reserving the wold "titanous*” fdtethe 
unstable compounfls of divalent titanium.' > 

“ T. Graham, Oomptea Rend. 59 (1884), 181. 

M.O.—VOL. II. 
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mass,' which consists ess^/itiajiy of titanic apid, can be w^hed on a 
filter^.1 On boiling with water, it gives the brdinary form of meta- 
titanic acid. ■ , . 

r t 

Titanates. The titanates are forrtied when 'dtanlc acid is dis¬ 
solved in a solution of an alkaii, dr when the anhydrous oxide is 
treated with a fused alkali. Potassium tiianate, KjTiOj, ob¬ 
tained by the method of fusiop, is 'described as a yellow, fibrous 
masii. A hydrate, Kj 5 Ti 03 . 4 H 20 , can be obtained by crystallization 
from a solutiojj of titanic acid in caustic potasii. The titanates of 
calcium (CaTiOs) and of iron (FeTiOj) are insoluble, .^nd occur 
in nature. 

Titanic Sahe< As kas been mentioned, the so-called “ ortho- 
titanic acid ’ is soluble in dilute acids. The solutions, which are 
colourless, are ^trongly hydrolysed, and in general the solid normal 
salt cannot be obtained by evaporation. Thus a solution in sul¬ 
phuric acid yields only a basic sulphate on boiling. • The normal 
sulphate, is, however, obtained by the oxidizing 

action of concentrated nitric acid upoA titanous sulphate ; prepared 
in this way it is stated to have a yellowish colour. Similarly, the 
solution‘‘of titanic oxide in hydrochloric field contains to a small 
extent the chloride, TiCl,; but, since complete hydrolysis occurs 
when the solution is evaporated, the chloride must be Isolated in a 
different way. It is obtained when chlorine is led over a heated 
v-mixture of titanic oxide and carbon, and is found to be a volatile 
odotous liquid, boiling at 136° C., resembling the tetrachlorides of 
silicon, tin and germanium. The fluoride (TiFj) is formed in 
solution when “ orthotitanic acid ’’ is dissolved in excc.ss of hydro¬ 
fluoric acid. It is diffieuff to isolate the simple fluoride from this 
solution, but^’hon potassium fluoride is added, the complex salt 
potassium ‘titanifluoride, KjTiFs, which has a rather low solu¬ 
bility (0-6 per cent, at 0° C.), separates oflt in thin colourlfss mono- 
clinic crystals. This salt is analogous to the silicofluorides and 
germinifluorides, and ajjpears to ionize as a complex salt K 2 [TiFs]. 
Numerovs other titetnifluorides are Jjnown. ” ' • 

B. Conjipounds «f Trivalenf'Titanium ‘ (Titanous Com- 

pounds). ( , ' . 

** • ‘ ^ 

» Titanous oxide, TLOa, is obtained in the aiihydrous condition 
when titanic oxide is heated in hydrogen; it is black or reddish- 
' browhi, according to the ednditio^js of formation. The corre¬ 
sponding hydroxide, Ti(OJI)8, is tljrowk down as a brown precipitate 
by ‘the action of ammonia op a titanous salt solution. 

^ A. F. von dep Pfordton, LielA Arm, 237 (1887), 213. 
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Titanaus Salts ,ara formed in sqfutik^ when the titanio salts 
are reduced by means of metallic zinc or by eldbtrolysis, or^when 
titanium disjolvfts in dilute %icid8 with the eiclusion <St air. Tte 
solutions possess a. violet colour "and havet strong reducing pro¬ 
perties, converting ferric to fer/ous Compounds ; a trace of titanous 
salt solution added tb gold chloride causes a mast intense coloration, 
probably due to colloidal gold* thig colour is visible at a dilution of 
1 in 20,000,000. Titanous salt solutions are oxidized readily by 
atmospheric oxygeil, colourless titanic compounds |jcing formed. 

Several solid titanous salts have been isolated by the crystal¬ 
lization of the solutions. The sulphate, Ti^lSOilj.SHiO, forms 
blue crystals. The chloride, TiClj.OHjO,,which jinjs been obtained 
by corfcontration of the solution in vacuo, possesses awiolct colour. 
The anhydrous chloride i.s formed by the action of liydrogey on the 
tetrachloride. The rcactidli, 

2TiCU + H.. = 2'riCl, + 2HC1 

is nearly complete at 1,200° C., but at lovfer temperatures, an 
equilibrium is set up betr^een the tetrachloride and trichloride ; 
the continuoils formatiqn 5f the latter at the.so lower tompOTatures is 
only possible if it is removed from the vaporous phase as fast as 
it is formed. For instance, if a mixture of titanium tetrachloride 
vapour and hyUrfigen is passed through the annular space between 
t\W) co-axial quartz tubes, the inner one'being heated electrically 
to about 1,100" C, whilst the outer one is cooled externally with' 
, vator, a 'red-violet powder, consisting of the trichloride (TiCl,) 
collects on the inside of the outer tube.' 

The presence of colour in thy titanous compounds is worthy of 
iwtice. We iWways seem to obtaiii coFouftid compegunds when a 
metal departs from its normal valency. 

C. Othqr Compounds*of Titanium. 

A lower oxide, TiO, is said to bo formed when titanic* oxide is 
heated with magnesipln to redness ; a blacky powder is obtained, 
but it may bfe a mixture, or perhaps a solid solution of ojygen in 
titanium. It is sta^d ^hat a ^^ratod form of the same oxide is 
obtained as a black precipitate ^en an at;idifihd solution xif potas¬ 
sium titaniflqqiido is reduced tvtth sodiuni anlj,lgam. The coife- 
sponding chloride, TiClj, is obtained as a black*o» bnown powdeft 
when titanous chloride is heated at /'fi0-700° C. in a current of 
hydrogen, 

2TiCl3«=TiCl4 -t-TiCl, 

* H. Qoerges at® A. Stabler, Bar. 42 (t909^, 3200;, A. Stabler anh F. 
Bacbran, Ber, 44 (1911), 2906. * 
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The volatile tetrachlorid|i* ptf?sos away, whils^ the dichloride re- 
main^behind. Titanium dichloride takes fire when exposed to air ; 
H‘ dissolves* in water) giving a solutioti which is at fifst colourless, 
but which quickly decomposes, hydrogen being evolved, and violet 
titanous chloride being produced. ' 

t . . 

Titanium P,eroxitle. When hj^rogen peroxide is added to a 
titanic salt, a yellow colour appears, Sue to a higher oxide or a salt 
of such an oxide. If the solution contains alcohol, and is afterwards 
treated with anfinonia, a yellow precipitate of tlie hydrated peroxide 
slowly separates.* The peroxide is usually stated to havOfthe com¬ 
position TiQ,.wHjO, but recent investigations '•* appear to suggest 
the formula TrjQ-.wHjOi. 

Nitrides.** Two nitrides of titanium are known to oxLst. They 
can be formed directly by the action of jiitrogcn on the metal. At 
very high temperatures, nitrogen will turn out oxygen from com¬ 
bination with titanium, and nitrides have actually been prepared 
by heating the oxid'e in nitrogen in the electric furnace. The 
nitrides of titanium possess a metallic lustre, and were long mistaken 
for metallic titanium. 

Titanic nitride, TiuNi, is formed by the action of ammonia 
on titanic chloride ; when, for instance, vapours of titanic chloride 
and ammonium chloride are passed through a fed-hot tube, the 
nitride is obtained as a copper-red crust of small crystals. Titano^is 
'•nitride, TiN, is formed when titanic nitride is heated in a current 
of hydrogen, but is more readily prepared by the action of’ammonia 
upon heated titanous oxide, or even upon titanic acid ; in the latter 
case, the reaction is very slow because the titanic oxide must first 
be reduced tp titanouS oxide by the hydrogen arising from the 
decomposition of ammonia. Titanous nitride is a brass-yellow 
substance ; *tho fine powder, when suspended in water, appears 
yellow by reflected light, and blue by transmitted lighti 

Analytfbal 

W hen* arv acidified solution conttuning, a titanium compound 
is treated with meti\llic z;nc, a viftl.-rt coloratiofi (due to a titanous 
salt) is produced, "phis test is not? very deUcate, as the violet colour 
is •far from intensb; probably the extremely intcnke coloration 
‘obtained by adJling gMd chloride to a titanous*'salt, recommended 
i primarily as, a test for gold,* iyould serve also as a test for titanium ; 

* ‘ V 

> L. L^Vy, Compte»Rend. lOfS (1869), 294. 

* M. Billy, Comptei Rend. 172 (1921), 1411. 

* C. Friedpl and J, Guirin, Comptes Retul. 82 A876), 972. 

* A. Stabler and F. Bochran, BA. 44 (1911), 2914. 
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but it must be rcnjei^ered firstly tiiat^jitaiious solutions oxidize 
very rapidly through contact with air, and secondly that jprtain 
other substajjices*, notably stSnnous salts, produce a coldralaon wiOh 
gold chloride. ' • • • * 

The fine yellow coloration pft)duhed by the addition of hydrogen 
peroxide has also hohn used for.^he detection of titanium ; the test 
is not reliable in the presence W nijich hydrofluoric acid. 

Solutions of titanic salts arc precipitated by ammonia, ftlong 
with iron and aluihinium. Even without the ad(^tion of alkali, 
however, titanic salt solution.s containing acetic and sulphuric 
acids hydrolyse when boiled, titanic acid being precipitated. A 
method pf separation from iron depends on.this h^ib-olytic reaction ; 
prolonged boiling (8-10 hours) is needed in order thait the precipi¬ 
tation of the titanium shall be complete. * A rather similarjnethod, 
in which the titanium is prScipitated by boiling a jiolution <»ntaining 
acetic acid and sodium acetate, has been applied to the separation 
of titanium from aluminium ; ‘ but the precipitation must be re¬ 
peated three times before th»separation is complete.- The separa¬ 
tion from zirponium is diuptissed in connection with that element. 

Minerals containing titanium are often very difficult to d^tjompose, 
being usually unaffected by acids. It is customary to grind them 
very finely and /use with potassium bisulphate ; afterwards the 
fused mass can be extracted with water., 

t^lcarly, in matiy of the analyses of minerals published in the past,, 
Ihe titanium oxide tuu>been left along with the silica in the insoluble 
residue, and the weight of silica shown in the statement of the 
analysis urcludos titanium oxide. 

I’KIiBESTBIAl, OCCURBENCE 

Titanium is actually 01^,0 of the most Somrnon elements mat help 
to coinpc.ie the earth’s cru.stbut although it is very widely dis¬ 
tributed throughout rooks, titanium minerals arc in mf>st cases 
only minor constiCuc(j.ts of thc*rock-mass. Ii^jpractically all types 
of igneous rodk titanium compounds are met with. In ba®o rocks, 
which are usually ri(Ji iit iron, iji^ystallizes out as the iron titanate, 
known as 

♦ Iftnenito . . F«TiOV 

Great masses com^sed mainly of ilmenitc^ occur *in Scandinavia 
and elsewhere ; the well-knowr^ “ tikaniferous iron ojos ” consist 
partly of ilmenite, but partlf of magnetite (FcjOj^ containing 

* O. Streit and B. Franz, J. PraH, Ohem. 108 86^), 65. See afso 

Anal. Chem. 9 (18TT»), 388. • ■ - * 

• F. A. Gooch, Chem. News, 52*11885), 88. 
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titanium as an impurity. |iln i|ocks of a less bMiq characterftitanium 
usuaHv crystallizes out as the calcium compound known as 
* ' ‘ Sj^hene (titanite) . CaO.TiOu’.SiQ’j, 

Where the magma has been doficietit both in calcium and iron— 
as in many acid roefe—free titante^oxide^may- be produced. This 
occurs in thred crystalline forms t 

‘ Rutile (tetragonal) ) 

IJrookite (rhombic) [ . . ‘ TiOj 

Anatase (tetragonal) J « 

Rutile is th6>f<^i commonly found in fresh granites, but the other 
two are foriped n'y seedhdary changes and are not uncoinipon in 
altered rocks. 

The titanium" minerals evidently crys4;allizo much more readily 
than the silicate^ and other constituents of the magma. The 
crystals have apparently devclopcjd whilst the magma in which 
they were suspended"was still liquid, and—in contrast to many of 
the silicate minerals—their crystalline ^rm has not been interfered 
with by pontact with other cry.stals growiijg on each 'side of them. 
Sphene, in particular, forms well-developed crystals, which are well- 
known to pctrologists as constituents of syenites and granites ; 
they may be seen in the rock-sections as light-'brown pleochroic 
acute-angled crystals. Rutile occurs in granites in needle-shaped 
'crystals which are seen piercing quartz and felspar, having actually 
been formed, of course, long before the quartz and felspar in ques¬ 
tion. In addition, smaller quantities of titanium occur in many 
minerals of which the element if not an essential component. 
Apparently tV^anium at'oms can replace atoms of tetrivalont silicon 
in the crystal structure ; but in other cases we find titanium re¬ 
placing trivalent elements tike iron. Some micas contain titanium, 
whilst many iron minerals, besides, ilmenite, contain ajprcciable 
quantities of the element; magnetite, for instance, is often titani- 
ferous. «^ ‘ \ ^ 

The sedimentary rocks derived fr«m igneous rockt also contain 
titanium ; many clays, shales a(jcl^slatcs bon^ain minute needles, 
commonly known fis “"clay-slal^' needles,” which are actually 
crJEstals of rutile. J 
» 

TECmKJLOaY AND USES 

The presence of titanium in minerals is often of considerable 
econpmic, impoftancf, although, in seftne cases, instead of adding 
to Iheir value, it detracts from it. ^ Iron ores containing titanium, 

. . for instance, present difficulty in snlelting, since an infusible sub- 
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stance centaining ^itauum forms irij thojj blast-furnace and tends 
to interfere with the descent of the charge. Although the Rouble 
can be overctime’by suitable Inodification of thb process, <titnnifcro»s 
ores are—^in’ordibary practice—avoided. 

There are, however, many pitpoSes for which titanium is actually 
useful. Owing to its high affi<iity for oxygen and*nitrogen, it is 
suitable for adding to steel a “ cleanser ” just before the steel 
is cast into ingots ; it combines with the non-metals, which Would 
otherwise cause intfergranular weakness and general unsoundnoss. 
The titanium is actually added as ferro-titanium.an alloy, of iron 
and titanium, orferro-carbo-titanium, which is cast iron contain¬ 
ing both graphite and titanium carbide.^ These/•illoys are made 
by sntelting titaniferous iron ores with coal or coke in the electric 
furnace, scrap iron being often added to the charge.’- The process 
is further referred to in the section on ferro-allpyi (Vol.,flI). 

During the, war, owing to the shortage of manganese, the use of 
titanium as a deoxidizer in steel became quite f ommon.^ Especially 
was this the case in Americas where rails made of steel treated with 
titanium appear to have gAcn excellent re.sults. 

Titanium oxide (rutile) has found considerable application in 
the preparation of enamels for coating iron vessels.^ Its role is 
essentially thr.t «f an opaoifior, the refractive index being very much 
hjghor than that of the body of the enamel. In addition, enamels 
containing titanium are .said to be more durable, and to protect th^ 
iron better from carrosion than ordinary enamels. Titajiium 
enamels are largely used in the manufacture of artificial teeth.* 

The employment of titanium oxide as a constituent of pigments 
also depends on the high rofraiAive ind*x one white pigment now 
manufacture in Norway aird the United States consists of barium 
sulphate and titanic oxide.® , 

The main source of ^ic rutile required for industrial purposes 
appears to bo basic igneou# rocks. Certain rocks, occurring in 
Virginia, contain both ilmeiyte and rutile in commercially im¬ 
portant quaptities ;• the minerals are separated from one an(»t.hor 
by magnetic moans.' 

The liquid anh;^ous clilosjj^ was u^cd to some extent in the 

1 G. F. C<yn»tock, J. Soc. Chfm, Ind. 34 (19I5)» 56; B. Stoughtojl, J. 
FraniWm/nsl. 177 (1914), 65. • * *, 

* W. A. Janssen, Vron Age^ 98 (1916), 31. also fixp^iments on tlfe 
magnetic properties of iron deoxidized by titanium, described by M. A. 
Hunter and J. W. Bacon, Trans. Amer. •Hlectrochem. Soc. 3T (1920),*613. * 

* J. Soc. Chem. Ind. 39 (1920),*271b ; R. R. D. Leindrum hnd L. J. Frost, 
J. Amer. Ceram. Soc. 3 (1920),*316.* 

' E. Cahen, Di^very, 1 (1920), 141. 

' J. Soc. Chem. Ind. 41 (1922), •209r, Z16b. 

* Eng. Min. J. 95 (1913), 22ff. 
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late war for the production pf smoke clouds. The vapour reacts 
in da^p air to pujduce hne particles of a hydrate TiClj.SHiiO. If 
a-nmonip, >apour is'mixed with the'titanium chloride, a better 
cloud is obtained, an additive compound being formed. Silicon 
chloride was also largely used f6r tKb same purpose ; but, possibly 
owing to the *highoii- refractive index of titanium compounds, a 
better obscuring power is normally Obtained with titanium.^ 
Titanium compounds, notably the carbide, are sometimes used 
in the electroc^es of electric arc lamps ; othel-s have also found 
application, as mordants, in dyeing.'' , 

* G. A. B.chter, Trans. Amer. Electrochem. Soc. 35 (1919), 323. 

• F. L. Hess, H.S. Oeok Surv., Min. Res. (1918), 810. 
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ZIRCONIUM 

Atomic weight 

• » 

THe IVletal 

Zirconium generally resembles titanium, which falls above it in 
the periodic scheme, but also has many properties ii» common with 
germaniiJhi, which falls into Group IVb. The element has a steel- 
grey colour, and is very hard; when polished, it disphiys a bright 
metallic lustre. Like titanium, it has a very high- melting-point. 

The*elcctrode potential of zirconium is uncertain, blit it is prob¬ 
ably an active clement, the^ activity being often obijcured, sm in the 
case of aluminium,'through the presence of a jwrmanent o«idc-film. 
In fact, the behaviour towards reagents in many ways recalls that 
of aluminium. It is only slowHy attacked b^ acids, with the ex¬ 
ception of hydrofluoric acid, which dissolves it quite quickly. 
Similarly the«compact metal is quite resistant towards atmospheric 
corrosion, and is only i7ery slightly oxidized even wheiT strongly 
heated. But the finely divided element oxidizes much more readily, 
and may evcfi “^^atch fire ” if warmed in air. 

Jt is interesting to note that a zirconiumiimode, like an aluminium 
anode, displays valvc-action.' • 

Laboratory Preparation. The element can bo obtained by the 
action of an alkali metal or of magnesium on one of the halogen 
salts, or by reduction of the qjtide with carbon at a rather high 
temperature.^ In the latter case the prodhet is lialjle to contain 
carbon if the latter is in excess, and will retain some oxygen if the 
carbon is not in excess. It is better IhciPcfore to obtain* the element 
by liealii^ the double salt, pqtassium zireonifluoride, with magne¬ 
sium in an electric furnace. Aluminium and sodium have also been 
used as reducing agcijte. The fhethod of heating zirconium chlojide 
with sodium ill a bomb is said^o give an almosl pure produjt.^ 

CoiTii^ounds 

Zirconium. ij> tetravalcnt in ^iractically i^ll itl^ compounds, wKteh 
are derived from tl^ oxide ZrOj. A lower series"oisalts analogousk 
to the titanous series is not known. • • 

> L. H. Walter, Electrician, 71 1*0,57. 

* D. Loly and L. Hamburgeit Zeit^ch. Anoing. Chem. 8T (1914J, 223. 

® Much useful information will be found dollccted in F. P. VenVWo’u 
"Zirconium and ^ts Compounds’* (1922f (American ,Chemical Society's 
Monographs). 
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Zirconium oxide ZrO„ is obtained when lihe finely 

divided element is bumf- in oxygen. It is obtained in a hydrated 
form'a^ a“white voluminous hydroxide, when a-solyble salt, e.g. 
potassium zircenifiuoride, is treated with ammonia, 6r when a zir- 
conate undergoes hydrolysis. '■The'hydroxide when ignited yields 
the hard whitfi anhydrous oxide. ' l|,’ho oxide is practically infusible, 
the melting-point being higher j!ihan”that of any other oxide. Ac¬ 
cording to Ruff ' it is 2,585° C., and according to Podszus,^ 3,000° C. 
—a somewhaj notable discrepancy. Zirconium oxide becomes 
incandescent when heated, giving out an intense white Nght. 

The freshly precipitated hydroxide is soluble in acids, zirconium 
salts being lormed, but the anhydrous oxide is almost undissolved 
by acids. As in the case of the hydroxides of beryllium, aluminium 
and titanium, it is observed that zirconium hydroxide, when pre¬ 
cipitated, from h hot solution, dissolves^ less quickly than the pre¬ 
cipitate obtained from a cold solution, being much,denser in the 
first case. Moist ziryonium hydroside absorbs carbon dioxide from 
the air. . 


Zirconates. Although the hydroxide is scarcely soluble in 
aqueous “alkalis, it is capable of forming'^irconates when heated 
with fused alkaline hydroxides or carbonates. Compounds said 
to have the formula; Na^ZrOa and NajZrOj have been described, 
but, as they arc immediately hydrolysed by water, with the pye- 
, cipitation of hydroxide, it is difficult to be sure that they represent 
definite chemical compounds. ' 

Zirconium Salts. The salts are obtained when the hydroxide 
is dissolved in the appropriate aciyls. There is a certain tendency 
towards hydr,olysi.s, anfi the normal salts can only kc obtained in 
the solid state from solutions containing free acid. But in addition 
to the normal salts of the type, ZrXf, there are basic salts {zirconyl 
salts) of the type (ZrOlXj, whioh^ are often more stable. The 
“ zirconyl ” salts are undoubtedly chemical individuals, having 
been obtained in wqll-defincd crysta'is of constant composition ; but 
some of the other basic salts described„by the earlier witters are prob¬ 
ably adsorjhion products.’ ' * , 

Zirconium sulphate fbrms colorless crystals having the com¬ 
position Zr(S 04 )j. 4 H 20 ; it loses, tSiree of the four ,molecules of 

• ’ 0. Buff, ileilJcA*. Anoig. Chen, 82 (1913), 390. • 

® E. PodszuB, Zeilech. Angevi. /Jhem. 30 (1917), 17. 

■ ’ A. Mulleiv Zeitsch. Anorg. Ghcm. 51} (1907), 310, supports the adsorption 

view for all zirAjnium basic salts. A. Rosenheim and P. Frank, JSer. 40(1907), 
803, urge that th4 zirconyl salts are tjue irtdividuals. A new type of basic 
salttij described by E. A. EiAid, Trans. Chem. Soc. Ill (1917), 396. Another 
view*of the behavioiu: of zirooniiAn saltern solution is gii%n by M. Adolf and 
,W. Pauli, KoU. Zeitsch. 29 (1921), 173. • • 
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water when heated^ at« 120° C. Soijie iJ^emists ' consider that, 
properly speaking, it should be regarcled as fan acid zirconyl 
sulphate, (Zs0)804.H4S04.3H20, or as a zirtonyl-sulphmii^ actf, 
[(Zr 0 )(S 04 ) 2 lH 2 . 3 H 20 ; such"a view will explain why one of the fout 
molecules of water is more firtrfly afttaehed than the others. When 
the solution is heated for a ^()hg time above' 40°*0., hydrolysis 
occurs, an insoluble “ basic Salt ” being preoipitdted. 

A nitrate, Zr(N 03 ) 4 , has been described, but more reoeii*. in¬ 
vestigations 2 have failed to confirm its existence, although various 
hydrates^f zirconyl nitrate, Zr 0 (N 03 ) 2 , are known. The chloride 
can be obtained by crystallization from a solution of the hydroxide 
in hydrgchloric acid; partial hydrolysis is very lia®e to occur, 
and tile final stages of the evaporation should be conducted in a 
current of hydrogen chloride gas. It is prepared more easiW in thf 
anhydrous condition (ZrCl*) by the well-known mSthod gf passing 
dry chlorine gas over a heated mixture of the oxide and carbon 
but even the product of this Ary method is ^ery likely to eontaii 
the zirconyl chloride (ZrOiOl,, also known a.s zirconium oxy¬ 
chloride. The oxy-chlori^Jd has been isolated in tlie hydrated con¬ 
dition containing eight molecules of water, by crystallization from 
a solution of zirconium hydroxide in hydrochloric acid. It is 
itself fairly solulje in water, but if the solution is boiled for a long 
tipe, hydrolysis occurs, gelatinous zirconium hydroxide being 
precipitated. , 

Fluorides. Wbenvzireonium hydroxide is dissolved in hydro¬ 
fluoric acid, the fluoride, ZrF,, is produced. If the solution is mixed 
with a solution of potassium fluoride, a complex salt'potassium 
zirconifluoride, KjZrFj, whioll is comparEgtively insoluble, crystal¬ 
lizes out. t^lien, however, the potassium fluoride iain excess, the 
precipitate formed has the composition KjZrFj.KF. ,The zirconi- 
fluorides, which are perfectly analogous to the complex fluorides 
formed % the other tetravalent elements (titanium, silicon, ger¬ 
manium and tin), ap^war to pnize as complex salts of’the typo 
M 2 [ZrF 3 ]. The-potassium salt has a solubilil^ of 1-4 per cent, at 
15° (J. ' 

An important siJlt of zirconi^ is the pxalate, which is obtaitiwl 
by precipitation; it differs frem the oxalates of the rftm earths 
by being sohiKle in excess of oxalic ficid and iA.ammonium oxalate. 

Peroxide. When hydrogen poro^de is added to a solution of 
zirconium sulphate, a white peroxide is produced in a hydrated* 
condition, to which the for^fula, Zrfit, has been assigned. 

* . • 

‘ R. Ruer, Ztilsch. Anorg. Ghf.m. 42 ^1904), 87. ^ 

" E. Chauvenet and L. NicAlle, Comptea iJend. 166 (1918), 781, 821. 
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A fewer oxide (ZrO) Ws|.bcen described, but recent i-work has 
shown it to be a piixture of the dioxide and metal. ^ 

' " Analytical 

Turmeric paper, after being imoiitoned with a solution of a zir¬ 
conium salt containing hydrochloric acid, ^ums red-brown on drying. 

Zirconium salts treated with ammonia yield a gelatinous pre¬ 
cipitate of the hydroxide. The same precipitate is obtained by the 
addition of caustic soda ; unlike the white hydsoxidcs of aluminium 
and beryllium^ it is insoluble in excess of alkali. The ^olubility 
in acids depends on the temperature of precipitation ; it dissolves 
with difficulty when produced from a hot solution. 

The additijpn of oxalib acid to zirconium salts produces a, white 
precipitate of the oxalate; unlike the oxalates of the rare-earth 
metals, *it is soiublo in ammonium oxalate, or even in excess of 
oxalic acid. ThoHum oxalate is also dissolved by ammonium 
oxalate, but is reprjjcipitated wh«p hydrochloric acid is added, 
whilst zirconium remains in solution., 

Zirconium salts are precipitated by potassium sulphate, an 
insolublc_doublo sulphate being produced.. Zirconium differs from 
titanium in that the salt solutions do not deposit insoluble basic 
salts when boiled in the presence of acetic acid. , 

The reactions given above can bo utilized as the basis for the 
separation of zirconium from other metals, but the actual working 
'processes are laborious, because many of tjio separations are in¬ 
complete, and the operations must be repeated if quantitative 
results are .required.^ A mon; convenient method of separating 
zirconium from aluminium pnd the laro-carth metals is by the addi¬ 
tion of seleniqus acid to a solution containing hydrt'/Chloric acid. 
Zirconium is thrown down as a ba.sic selenite, whilst aluminium 
and the rare'earths remain'in solution.^ .The basic selenite should 
be washed with 3 per cent, hydrochloric acid and dried ; 4t yields 
the oxidev ZrO 2 , on ignition. 

The same method^may bo used lo scpanlto yirconium from a 
small am}f)unt of iron (in the ferric ajndition) ; but ‘if much iron 
uypresent in'the solution, the preejnijate wfll co itain iron, and the 
process must be repbated"! If J^^its^um is present, it will be pre¬ 
cipitated with zircqhiunjl under orefinary circumstajifes; but if 
uxccss of hydrogen peroxide, Ibo added before, precipitation, the 
titanium will remain in solution, and a separation is thus rendered 
‘possible. *, * *v 

’ R. Schwartz ahd H. Deislor, Ber. Sfi (lOtifl), 1896. 

* Bdr details ot ostimaWn tn ores sec G. E. F. Lundell and H. B. Knowles, 
J. Ather.Chem.Soc. Jt2(m0), 1439. . ‘ 

. • M. M. Smith and C. James, J. Amer. Vhem. Soc. 42 (1920), 1764. 
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Tej^ebstbial OccubJbnce 

The geo-chemistry of zirconium is in Jbme rcfpects similar to 
that of titanium, ’the elemen* occurring in smtill quantftieij Aists> 
buted througlfout Ulrge massds of rock. It isi how()ver, less abun¬ 
dant than titanium, and is comlnorfcr in the acidic rocks than the 
basic. It is most frequently fr^hd as the silicate, * 

Zircon . . *. » . . ZrSiO*, 

which is one of the,commonest accessory miticrals of granite*and 
syenite. Like the titanium minerals, zircon is one «Bf the earliest 
members W the magma to crystallize ; consequently it is Usually 
found in well-formed crystals, which belong to tha tetragonal 
system ; “they are often small, but sometimes atte.in a considerable 
size. 2ircon is characterized by the square pyramid tn which the 
crystals usually b'rniinato, (j,s well as by its hardness ^nd adamantine 
lustre. It may be Colourless, but is often brownish-yellow* or grey. 

Ct'rtain rocRs contain the zirconium as the o.xido, 

Baddeleyite (Briizilite) . . 

although this is rarer than<the silicate. Zirconium is also a non- 
essential constituent ot other rock-forming miTierals.„ Certain 
pyroxenes, for instance, related to augitc, contain zirconium. 

When ignequs jocks containing zircon undergoes weathering, the 
zirconium mineral remains comparatively undissolved, and is either 
left, behind in the residual deposits or is carried off by the water in 
susjxinsiop. lSinc(^ hqwever, zircon is much heavier than the' 
majority of the insoluble minerals occurring in rooks, it is dropped 
comparatively readily by the running water, along with Jhi! coarser 
sand-particles. Thus the forcet^of Natiyo bring about a consider¬ 
able concentBttion of the zircon, and, in the same way, of brazilitc. 
These alluvial deposits are naturally a convenient source of zir¬ 
conium compounds. Important depositl occur in the Caldas region 
of Minas Geraes (Brazil) and ajso-in Ceylon. It is noteworthy that 
important ores of thorium (which have a similar mode «»f origin) 
are also found in the hsfro countries just mentiomxl; in fact the bcjach 
deposits known as “ monazj^ sand,” which are so largely worked 
for thorium, almosi atroys cqiitp.in zirconium minerals. -ani. 

Zircon is by far the common^ zyconium nfineral in the alluvial 
deposits, but .the oxide is iriciiMitrially iqore ‘pseful, and is ijbn- 
sequently more sc^ight after. In tl^azil, there* aocur in certain 
alluvial deposits pebbles, |-3 inchos»ia diameter, consisting of a 
material called “ zirkite,” whick»is re^y a mixture of jlrazilite'with 
zircon and other silicates; «the pebbles pontain over 90 per cent, 
of ZrOj, whilst ^ther forms of zirkilp fcfUnd in the same district 
carry about 80 per cent.^ 

‘ E. H. Rocld, J. *'oc. Chitm. Ind. 37 (1918), 213e. 
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Te^hn^logy and Uses « 

Thp present afld futin^ value of ziroonium rests mainly on the 
U.msua!ly refractory character of thA oxide. Zircoma has a very 
high melting-point, and in the ignited form is remarkably inert 
towards acids, fused alkalis, and silicates. It is unattacked by 
oxygen and only reacts with carboi, and iiitrogen at very high tem¬ 
peratures. ^ It is already empkyed in the manufacture of muffles, 
crumbles and pyrometer tubes ; zirconium crucibles can be em¬ 
ployed at tem^ieraturcs up to 2,200° C.^ and have been used for the 
melting of platinum. The coefficient of expansion is very low, so 
that ziroonla articles can undergo sudden changes of temperature 
without cracking.^ Zirconia pencils are used in Bleriot motor 
headlights. “"If the price could be reduced, it would no doubt be 
cmployf-d largely for the lining of furnacc.s; owing to the low heat- 
conductk'ity of zirconia, its employment in furiiaocs would tend to 
reduce the loss of heat by radiation. ' 

At present the main source of zilconia for refractory purposes is 
the Brazilian oxide ores (baddcloyito o'r zirkite); but, if the demand 
for zirconia grows, it will bo neces.sary to consider the manufacture 
of zircoilffum oxide from the silicate, zirdon, which occurs in the 
monazitc sands of India and Brazil, and is thus a bye-product of the 
thorium industry.* ' • 

The crude zirkite softons at a much lower temperature than pure 
. zirconia, but even this impure form constitutes quite a good re¬ 
fractory. Naturally the lower softoning-pdlnt makes it'easier to 
burn; zirkite can in fact bo made into firebricks without the 
addition of another substance as binder ; it is, however, better to 
add a little china-clay to Serve as li binder. 8tarch,i‘as also been 
used in the fflixturc in Germany. Where a still more refractory 
material is required, the z;irkito must bo purified. Even washing 
with sulphuric acid removes much of the'iron, the most (^eleterious 
impurity, but more elaborate treatment is required to remove the 
remainder of the iron, as well as the silica. , Various methods are 
avallablq. the zirkitef being ground and brou*ghf "into solution by 
treatmertt with fused sodium carbona^ fuspd sodium bisulphite, or 
"ewn with sulphuric, acidi Zircon\ln is subsequently precipitated 
as basic sulphate, or,some othel- iiifeolublo salt, which can bo ignited 
to yield the oxide.' Pifrification is brought about by dissolution 
Sf the oxide in excess of hydrofluorie acid, followed by the addition 
. of petassiurs carbonate; po^assiupi zirconifluoride, which is only 

' Ohem. ZeitM2 (1918), ^79. , • 

,*•0. Kuff, Zeitach. Mnoiy. Chem. 86 (1914), 389. 
s H. C. Meyer,.Mel. Chem. '■Eng. 12 (1914), 791; *3 (1916), 263. 

. ‘ W. Bosenhsin, Trans. Faraday Soc.rl2 (1917), 181. 
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slightly soluble at low .temperathros, crjihtallizcs on cooling, and 
can be further purifibd*by rocrystallizltio^^ Wl^n pure it can be 
precipitated yith» alkali, anc^ the precipitate dgnited 1*) t^ 
oxide. 

The manufacture of pure \iihit» zirconia was started in this 
country a few years* ago.^ ' ^ 

Owing to the very high nelting-point of pure zirconia, the 
manufacture of zirconia-ware presents many difficulties. Numeybus 
experiments have been made, mainly in Germany, which seem to 
indicate that the use of clay in admixture for pure z&conia articles 
is unsatisfactory, but that by mixing a small amount of aluminium 
oxide or magnesium oxide with the zirconia, good reSults can bo 
obtain^l.’ Other oxides like thoria and “yttridT werg tried with 
success. 

A good deal of trouble hiw been experienced with eirconiaTirticles 
owing to the exceswo shrinicago when exposcd'to high lempera- 
tures, which caused cracks to jippcar. This ^an best be avoided 
by ensuring that the original ignition of the zirconia has boon 
carried out at a sufficiently, high temperature. If the zirconia is 
actually fusod'in an electric furnace, and then ground ajgd made 
into articles, the articles so obtained practically do not shrink at 

all'* 

Zirconia has also been used in optical glass and as a constituent 
of*acid-proof enamel. ' 

During ^the war, ste^ containing zirconium is said to have been ’ 
used largely by the Germans for armour-piercing shells and for 
bullet-proof shields ; experiments with zirconium steel Jiave been 
carried out in America with % view tp use in automobile con¬ 
struction.® jJhe element is added to the skW as a fei-ro-zirconiura 
alloy, and one of its functions appears to bo that of a deoxidizer; 
the use of titanium for the same purjiose will be remembered. 
Nevertheless it seems that zirccjjiium, if added in sufficient quantity, 
has a specific effect on steel, A nickel-zirconium steel has appar¬ 
ently properties ra.ther’simOar to a chromc-nicljcl steel, but is said 
to be strongei*. ^ ^ I 

Some of the clearer varieties pt/ircon, which often have a yell«— 
or red colour, have a value as ^^ijtonos, thd name “ hyacinth ” 
being applied Jo them. 

‘ J. -W. Marden and M. N. Kich, J. IiulTfljig. Chem. 12 (1920), (i,')l. 

* J. Soc. Chem. Ind. 37 (1918), 254b. ^ * 

* L. Weiss, Zeitsek. Anorg. (1910), 218 ; O. Ruff, Zcitach. Amrg. 

Chem. 86 (1914), 389; O. Ruff G. Lauschl^e, Zeitsch.<tAnorg. Chem. 97 
(1916), 73. See also E. H. Rodd, J. ^oc. Chem Inc?. 37 (1918), > 

* E. Podszus, ZeMach. Angew. Ch^. 30 (4917), 17. 

* J. Garoon, Bull. Soc. d’Enc, 131 (1919), 148. 
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CERIUM 

« « 

Atomic weight . - . . 140-25 

*■ < 

^rium has 'hcen repeatedly ,^neifcioned in the consideration of 
thevare-earth metals, firstly because it occurs along with them in 
nature, and secondly because the cerons com]iounds, in which the 
metal is trivalont, are extremely similar to the componuds of the 
rare-earth metals. Zirconium and thorium have no salts of this 
type. At the same time, the ceric salts, in which the.,metal is 
tetravalent, .are very similar to the salts of zirconium and thorium, 
but haye no counterpart among the compounds of the rare-earth 
metals. ,, For this reason cerium i.s cAnsidorecj in detail at this 
point. 


The Metal 


Metallic cerium resembles the rare-earth metals, ar.d differs from 
zirconiuRi and thorium, by molting at a' comparatively low tem¬ 
perature (623° C.). It is a steel-grey metal, rather soft, but never¬ 
theless capable of taking a good polish ; when' moderately pure, 
it is both ductile and malleable. " 

> Cerium appears to bo a highly reactive clement, falling between 
magnesium and zinc in the Potential Serif®. If an o,vide-film is 
formed upon the metal, it does not seem to protect it entirely, for 
cerium decomposes cold water slowly, hydrogen being evolved. 
The evolution of hydrogenhs much more rapid in diluf-f acids, which 
dissolve the*metal yielding cerium salts. The metal, moreover, 
tarnishes rapidly in damp air, and burns when heated in air, like 
magnesium, but more easily. Finely divided cerium ,takes fire 
spontanpou.sly. Pure cerium is not*p 3 Tophorio, but the hard alloys 
containing iron gi^e off sparks readily when rubbed with a file.* 
Thie element has powerful reducing^opertios. ’ 

,,^*.aborat%ry Preparation. Tto metal*‘can»bo obtained by the 
electrolysis of the fused' chlor^id«^‘ontained in an iron pot which 
seijves as cathode'^; additions, df sodium chlor^d®. potassium 
,fluoride and barium fluoride c£n be made in ordpr to lower the melt¬ 
ing-point. The graphite ariode should bo heated before being put 
intrftho milljture; otherwise the salt will solidify on the cold surface. 


• B. Weiss, Zeitsch. iSlekttochem. 14 (1908), 649. 

‘.A. Hirsch, Met. Chem. Eng,. 9 (1911), 540 j M. desK. Tliompsoii, Met. 
, Chem. Eng. 17 (1917), 213. ‘ . 
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A rather Jiigh E.M.F. ^iO-15 vofts) is usually employed, irfolten 
cerium collects at the bottom of the p?)t. | I 
Cerium can,be purified fron^the most usual itapurities*by,bbili^ 
with mercury? whi«h dissolvss the cerium, yhilst (the impurities 
rise as a scum to the surface, a*d arc skimmed off. The mercury 
can afterwards be removed by distillation of thp amalgam in vacuo. 

Compounds 

A. Compounds of Trivalent Cerium (Cerous tfompoijnds). 
Cerous oxide, CojOa, is rather difficult to obtain in the anhydrous 

condition. The hydroxide, Ce(OH) 3 , is obtained as a white pre- 
cipitatowhon ammonia is added to a cerous salt solution. The 
precipitate darkens when exposed to the air, higher hycjfoxides 
being formed. ^ ^ , 

The salts wo produced when the metal, or the hydroxide, is 
dissolved in the appropriate a^ds. They ai» mostly colourless, 
and resemble closely the salts of the rare earths. The double 
potassium cerium suipljate, 3 KjS 04 .Ce(S 03 ) 3 , is, as was stated 
in the section on rare earths, practically insoluble in aaoess of 
potassium sulphate, and is obtained by precipitation. It should 
probably heaiTitWin K 3 [Cc(S 04 ) 3 ]. It is interesting to note that 
the three divalent (SO4)" radicles are eqtpvalont to six univalen'' 
radicles. The salt affords, therefore, yet another example of thi 
rocurrenca of the cotnrion co-ordination number, six, which oce,pn 
in the complex fluorides, like KjffiFe] and K 3 [ZrFe]. 

The oxalate, like the oxalates of the rare earths, is iflsoluble in 
acids and is thrown down by the«.dditioi*of ^n oxalate to a weakly 
acid solution of a cerous salt. 

The anhydrous chloride can bo produced by evapprating the 
solution of cerous hydroxide in hydroeliloric acid. The indirect 
methods often required for the* preparation of anhydrous chlorides 
are not necessary in the case of {eriiim. 

B. Compounds of Teiyavai^nt Cerium (Cerium Coaapounds). 
The ceric compounds are anaJi^ous to tMe salts of zirconium and 

thorium, and aje derived from ffie'oxide, CeQj. This oxide has 
feeble basic properties, but the salts %re vety e^s;!;^ hydrolysed. ^ 
Ceric oxide, CeOs, is formed as a ;^ow or white powder when 
cerous nitrate is heated in the*»ir. It is obtained in,l&. hydrSted 
condition when precipitated* cerous hydroxide is •oxidized with 
sodium h 3 rpochlorite solution. !the hydrate?! oxide is lemen- 
yellow ; when ignited, it comnjdnly becomes pink ; the pink colour 
M.O.—VOL. n. 
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may be due to a trace of an intermediate oxide, but is generally 
attributed to traf es of tl e other rare earths, which generally occur 
ai im'pmities in cermm salts. / 

The salts aie obtained in solution when the ceric oxide is dis¬ 
solved in acids. The solutioiis are in every case deep yellow. 
They are unstable fcr two reasons : firstly, they tend to hydrolyse, 
and secondly, they are strong ojddizfirs, tending to change to cerous 
salta. The yellow sulphate, Ce(SOi)j, can be obtained by treating 
ceric oxide with sulphuric acid. The aqueous solution is readily 
hydrotysed, basic salts being deposited. On the other hand, when 
a solution containing excess of sulphuric acid is slowly evapo¬ 
rated, a red cerous-ceric sulphate is deposited owing tp partial 
reduction. 

The pitrate is obtained in solution, when ceric oxide is dissolved 
in nitric acid, or when cerous nitrate is oxidized with lead peroxide 
in the presence of dilute nitric acid. It is not possible, however, to 
obtain the normal .7alt from tho orange solution. A basic salt 
formed by hydrolysis is the only product obtained upon evaporation. 

C. Other Compounds of Cerium. 

When ceric oxide is heated in hydrogen, a dark-blue intermediate 
oxide, said to have the composition 2 Ce 0 j.Ce 203 or CejO,, is 
produced. A hydrated Wm of the same oxide is obtained when a 
solution containing ceric and cerous .salts, in correct proportions, is 
treated with sodium hydroxide, and comes down as a violet pre¬ 
cipitate. 

By the action of hydrogen peroxide—or of oxygen—upon ceric 
compounds, peroxiefe (CeOj) is thought to bo prodiiced,' but its 
individuality is still a little doubtful. 

Hydride. Cerium readily absorbs hydrogen at about 350° C. 
The dissociation pressure of the product at 450-510° C. Is low and 
practically constant until the hydrogen content exceeds that 
inuicatqd by tho formula CeH^. Beyond that point tho decom¬ 
position }».". 08 sure rises with the hycLigen^content. This has been 
“niterpreted as showing that thv^definite hytlride, CeHj, exists, 
wljich is capable ol holding further hydrogen in solid solution.® 

^ Nitride.,_ (^rjum combines also with nitrogen to form the 
nitride, CeN, the colour which varies between a dark bronze 
to a brighb-yellow accordingtto thj; ^conditions of formation. 

' .See U. Pissarjew^ky, Zeitsch. Atwrg. Ohem. 31 (1902), 359. Compare 
E. paur, Zeitsch. Anorg. Chem. 30 (1902), 251. 

’ 1.1. Zhukov, J\ Russ. Phgs. Chem. Sjc. 45 (1913), 20?3 ; Abstract, Amer. 
Chem. Soc. Abstracts, 9 (1916), 660. 
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Analytlcsll 

CerouS salte give, with scijium hydroxide,* a white‘procfpitaite 
of the hydroxide which darkefis, through oxidation, fin contact with 
air. Oxalic acid produces, in a’cerSus solution, a wWte precipitate 
of the oxalate, iiisofuble dn exjess, thereby enabling the analyst 
to distinguish cerium from zirotmiujji; potassium sulphate yields a 
erystalline precipitate of the double sulphate. 

When cerous salts’are treated with oxidizing agent#, the solution 
turns ora»ge, owing to the formation of the ceric compounds? But 
the ceric salts are readily hydrolysed on boiling the solution, in¬ 
soluble basic salts being produced. The ^cparjj,tion of the rare- 
earth metals from cerium, based upon this fact, has ftlrcady been 
referred to (p. 230). 

• 

Tei?be.strial Occuejence and Technology 

The occurrence of cerium iif nature, as well as the general uses of 
cerium, have been briefly/^ferred to in the section on the “ rare- 
earth metals,’^ and will be considered in further detaif*in con¬ 
nection with thorium, with which cerium is generally associated. 
There is no OGcasion, therefore, to discuss the matter at this point. 
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Atomic weight . 232*15 

Th^ M«Jtal 

Trtiorium is a white-grey metal, melting at a high temperature, 
above 1,700°C. It is heavier than zirconium and cerium, the 
specific gravity being about 11*0. Thorium is a ductile s'abstance ; 
even samples containing much oxygen possess a certain amount of 
ductility. 

The meta'i and its compounds are radioactive. The Activity 
of thorfum is yery much less than that of radium, but thorium 
preparations oftep. contain some of the decay-products, e.g. meso- 
thorium, which are much more radioactive than thorium itself. 

The metal is fairfy permanent in the atmosphere at ordinary 
temperatures, but buras with a briglit white flame if heated. It 
slowly evolves hydrogen from acids, thorium salts,being formed, 
but does not decompose water, even when'the temperature is raised. 

Laboratory Preparation. The metal can be obtained by heat¬ 
ing a mixture of potassium thorium chloride anci me'tallic sodium 
tightly packed in a clo^d metal cylinder for 15 minutes.* AfCer 
cooling, the contents are turned out, treated with water to remove 
the' sodium and potassium chloride, when The metallic thorium is 
left as a glistening powder ; but the product obtained in this way 
always contains oxide, pjesumab^y in solid solution. By heating 
thorium tct^gchloride* with sodium, preferably in tncuo, various 
workers claim to have prepared thorium practically free from 
oxide.2 The metal is obUined as a powder, but can be compressed 
into a rod or strip either by hammerjng, or by sintering in* an electric 
vacuum furnace. 

Thorium has als ) been obtained by the* electrolysis of a fused 
mixture of chlorides, but the prodvet contains much oxide.® 

k ^ 

C),m|>lunds 

Thorium seems 'to te tetravalent in all its compounds. 

Thorium oxide (lhori(f% ThO^, is formed when thorium' bums 
in 6xygen,*pr when the hydroxide,nitrate or oxalate is ignited. It 

> J,. F.,Nasoil, Ber^ 15 (1882), 263.7. e 

« W. von Bolton, Zeitsih. Elekirochem. 14 (1908), 768; D. Lely and L. 
Hamburger, Zeitsa^i. Anorg. Ch%m, 87 (4914), 209. *' 

‘ H. von Wartenberg, Zeitach. EUktrdchem. 15 (1909), 860 
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is a white, practically,* infusible'substance, which, like zirconium 
oxide, becomes incandescent when heattji; the* incandescence is 
less bright in the case of f|ire thoria than In the ci #30 sf*th<»ia 
containing a' smaSl amount? of other oxides. The question of 
incandescence is discussed fttrtller in the technical portion. 
The hydroxide is' obtained ,when a thorium salt solution is 
precipitated with ammonia. * , * , 

The oxide formed by ignition of the oxalate, nitrate, sulphate or 
hydroxide, prcferalfly below 700 ° C., behaves in a gather curious 
way towards acids. If warmed with nitric or hydrochloric acid, 
no dissolution takes place, but, by driving off the excess of acid, a 
semi-transparent mass is obtained, which although insoluble in 
acids, breaks up on treatment with pure water, yielding an opales¬ 
cent colloidal solution. The action of the acid seems to b^to form 
traces of thorium sj-lts on tfie particles c>f the oxide. * Wheq the mass 
is treated with water, the thorium ions adsorbed on the oxido 
surface allow peptization to trtke place. The opalescent sols are 
unstable, being easily preclpitntcd by the addition of acids or 
ordinary salts (e.g. potagsfum sulphate). Colloidal solutions are 
also formed when freshly precipitated thorium hydroxide is pep¬ 
tized with hot dilute hydrochloric acid, and the sols thus obtained 
are clearer and distinctly more stable towards the addition of elec¬ 
trolytes. , 

Salts. The thorium salts are formed when the ordinary variety 
of oxido br hydroxide fe dissolved in acids. They arc heavy colour¬ 
less substances. The solutions hav^c an oven more powerful action 
in causing the flocculation of negative colloids than do aluminium 
salts ; this would seem to be dn*e to the\et»avalent ion, Th"". On 
the other hand, they have a peptizing action on some albuminous 
substances.1 , • 

The si|lphate, Th(iSOJ)2, is oljtained in the anliydrous state by 
evaporating the solution of tlforium oxido in sulphuric acj,d to dry¬ 
ness. It is quite soluble in ice-cold water, Jrut, if the solution 
obtained is pfcsefYeH for an^ length of timd, a much legs soluble 
hydrated sulpha^, TdilSGjlj.OHjO, separates put. •bluivaiitoge 
of this fact may be taken to p,^'.fify the sMt. ,Other hydrates-* are 
known, the njost important •bAng Th(S04)j^Hj0, which is.the 
stable phase *at temperatures ^o'»e 43 ° U. A, sparingly soluble 
double salt, Th(&'t)4)2.2Ki;S04.2Hj0^i8 thrown down, when a 
solution of potassium sulphat^js added to thorium sulphate.. 

’ B. ijzilard, J. Ghitn. Phys. S (1997), 496. • 

’ For details of tte interesting equilibrium diflgrain, see H. W. RoozelAom, 
Zeitsch. Phys. Chem. 5 (1890), 201; I. Kippel and H. Holtkamp, Zeitsch. 
Anorg, Chem. 67 (1910), 266 ; I. Itoppel, Zeitsch. Anorg, Chem. 67 (iOlO), 293. 
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The nitrate is very soluble, anil therefore somewhat difficult to 
crystallize. Neverthelesj vaAous hydrates can'be obtained without 
ooejirrance ot hydrolysis. The ^loride, ThCli,, is formed in 
solution by dissolviny; thorium oxide in hydrochloric acid; it is 
. prepared in the anhyffi’ous state by»passing chlorine over a mixture 
of oxide and darbon., The anhydrous chloride is a colourless solid, 
deliquescent, very soluble and fairly- volatile, the vapour density 
indicating the simple formula* ThCl,. A fluoride, ThFj, and 
complex fluorides, such as potassium thorifluoride, KjThF,, 
corresponding to the zirconifluoridcs and silicofluorides, afe known. 

The oxalate is of great importance. Like the oxalates of the 
rare earths ft can be precipitated from slightly acid solutions. Un¬ 
like the rarf-earth oxalates it is distinctly soluble in excess of 
ammonium oxalate, whilst it differs from zirconium oxalate in 
being iMoluble'in oxalic acid. ' 

It is oi intere.st to notice a curious organic derivatiye of thorium. 
Acetyl-acetone, whi(^ may bo written 

CH * 

’\c-OH dK(C,H,0,)H,, 

• CHa.CO.CH^ 

can be regarded as a weak acid ; it forms a thorium salt, 

(C'5H,02)4rh, 

which is soluble in chloroform, and which can bo distilled in vacuo 
witljout decomposition. , 


,. Analytical 

Thorium resembles ^cerium an#’ zirconium in yielding white 
precipitates with ammonia, potassium sulphate and" oxalic acid. 
It differs from cerium in that the oxalate precipitate is soluble in 
ammonium oxalate, and irom zirconium in that the oxalate is 
insoluble in oxalic acid. " , “ 

The pfecipitation of the oxalate from acid solution enables us to 
separate thorium fr6i,n the majority of ordinany metals. A method 
of separl.tjpg thorium from tlie ^a^^^JDarth^ has been worked out 
"nvMoh depends on precipitation of .the warm fteutral solutions of 
the nitrates with hy'drogen pepoxirdfe in the presence of ammonium 
nitrate.^ Thorium.'is thrown ^down as peroxide (of,a derivative), 
whilst the rare 'jdrths j’emain in solution. Tho peroxide is filtered 
off and ignited, tho thortafii being weighed as dioxide (ThO,). 
Unless aram«nium nitrate is preserttf in the solution, the peroxide is 
precipitated in kuchma form that .it is* difficult to ignite it with¬ 
out*, loss through decrepitation; the ammonium«salt makes the 
' £. Benz, Zeitach. Angew. Ohem. 15 (1002), 303, 
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precipitate denser, ea^er lo filler, and Capable of quiet ignition. 

Another process ctfteli recommended for the estimation of thorium 
is the method of precipitation with sodiuni thiqsuft)hate^ on adding 
that reagent*.to a, slightly a^id solution, a precipitate of’thofllim 
hydroxide and sulphur is prot^uced, which can bo filtered off and^ 
ignited. But sevoaal rare-earth elements and alse zirconium, if 
present, are precipitated—ai^least partially—witji the thorium. 
The operation requires, therefore, tfl bo combined with other methods 
of separation. * 

An interesting method for the estimation of tlioAum, especially 
in its ore (monazite sand), depends on the fact that it gives off a 
radioactive emanation.^ 


Terresteial Occurrknci. 

• 

Like zirconium wild cerium, thorium is found, mainiy i»i me aciu 
part of the* intrusion. Certain granitic rocks, and particularly 
the pegmatite veins which constitute the fitfhl stages of consolida¬ 
tion, contain the importwil mineral, 

•Monazite . . . . CePOj, 

really a phosphate of cerium and the rare-earth metals, but also 
containing J.horium. Whore rooks containing monazite have boon 
feathered, the crystals have been carried away by the rivers, but 
owing to their weight have tended to collect separately from the 
majority of the lighter sand-particles. “Monazite san^”^ 
containing grains of monazite mixed with other heavy constituents 
of acid rocks, such as zircon, garnet, rutile and the like, are found 
in Brazil (Bahia, Espirito, anddtio do .Janeiro), India (Travancore), 
Ceylon, and Carolina. In the first three countries, the richest 
deposits occur on the sea-boach, having been concentrated to a 
large extent by tidal .action. But inland deposits also occur, 
especiallj^ in the beds of stream^ which rise among rocks containing 
monazite ; these are usually^loss rich. The Carolina deposits are 
of a poor charaictcn' 

The total amount of m«/tazite sand available in localities 
named is largo. *But it must bo remembered that, in any “ leona-. 
zite sand,” only a certain pJ^yoriion of thrfgrains (perhaps half) 
consist of mAiazite, whilst each iq^nazit® cr^,stal may have tho¬ 
rium content varying from 0 to 30 .^r c^iit. * Sonsequently, the 
coastal sand contains, as a whole, (Jmy a small content of thoria. 
Even after the removal of most of the grains which a»e not monazite 
• • * 

1 H. H. Helmick, J. Amer. Chen?. Soc. 43 419214, 2003. • • . 

* S. J. Johnstdne, J, Soc. Chem. Ind.^1 (1918), 373r ; W. T. S^aUer, 
V.S. Oeol. Sun., Min. Res. (m^), II, pp. 13, 14. * 
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by artificial concentratioii, the thbria content is usually only about 
4-9 per cent. _ ' 

Mon,azite„varies in coloiu' from pale yellow to dark brown, and the 
, specific gravity, varies from 4’7 to S'2. > > 

„ Another important thorium minsral is the impure oxide, which 
invariably contains imanium, and genor/rlly 'many other metals 
besides ; this ic known as » 

« Thorianite .... (Th,U)02. 

It occurs in Ceylon, in small black cubes, which are considerably 
heavier than monazite. 

The silicate, 

Thorite .... ThSiO^, 

' is likewise found in Ceylon, and also in Norway, but is of compara¬ 
tively inlrequcnt occurrence. 

TeCHNOIiOGY of TiIOWUM and (iERIDM ' 

Practically the whole of the world’s'supply of thorium is derived 
from the monazite sands of Brazil ana Travancore, Since these 
comparatively rich sources have been developed, the working of the 
much poorer deposits of Carolina has become unreraunerative. 

The Brazilian deposits were discovered about T893, at a time 
when the new discovery of the incande.scent gas-mantle had made 
thorium a valuable .substance. It is stated that for some time the 
sand'Was obtained free, being shipped as ballast to Hamburg, where 
it was immediately sold for about £20 a ton. After some years the 
Brazilian Gbvemment discovered the real value of the “ ballast,” 
but a Hamburg firm secufed a mbnopoly of the miring rights, 
paying a royalty of 60 per cent, to the Brazilian Government. 
In 1909, the Travancoro depjjsits were discovered, but, as the capital 
required to work them was not forthcoming from Britislj sources, 
the control of this source also passed into German hands. 

Just before the outbreak of war in 1914, practically the whole 
of the productive t&irium deposits g,nd almoSt the .whole manu- 
factm'e <iiie thorium .salts needed tor tfo gas-mantle industry 
—werfe under Germai^ control. Th^re was a great shortage of 
thorium nitrate in England in 191S., However, works for treating 
the Indian monazite were soon<sstablished in. this country, and the 
Successful prodAction of t^ium nitrate begiln; arrangements 
..were made Jater to work‘tl^e Ce^^j^on deposits.® Meanwhile, the 

• S. J. Johnronevy. Soc. Ohm. Ind. 35 (1^16), 811; 37 (1918), 373e. See 
also Gs Martin, " Industrial phemistry”' (Crosby, Lockwood), Section 77 ; 
8. J. t.'^ohnstone, " The Rare-EartltMetals " {Longmans, Gteen), Chapter VII. 

® J. Soo. QUm. IM. 36 (1917), 1203. ‘ • 
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thorium #alt industry dn the united States had expandefl con¬ 
siderably, depending on the Braziliaft saud as rjw material. 

Since-the jnoifazite sand.^s found oi* the» coast, only opippts 
of a small psoportion of mcmazite grains, ij, is usually ‘'concen¬ 
trated ” near to the spot whcrodt i» found, so as to avoid burdening, 
the ships with the’ valueless constituents. ,Advahtage may be 
taken of the difference in grifc’ity^of the different •constituents to 
obtain separation, the Wilfloy table (described in Vol. I, pago,l23) 
being frequently employed. Magnetic separation has also been 
used witjj success for the concentration of monazite sands^ 

The details of the manufacture of thorium nitrate from the con¬ 
centrate as practised in Europe are kept secret.' Ttle outline of 
the process commonly employed, however,*is urfderst^od to consist 
in the dissolution of the monazite sand (previously ground, if 
necessary) in hot concentrated sulphuric acid. tTho plfosphates 
are dissolvodjby tl?o concentrated acid, but, when the mass is after- 
waM's extracted with water, and the acid is pprtly neutralized with 
magnesia, the thorium phesphato is reprecipitated. If enough 
magnesia wore at once added for complete neutralization, cerium 
and all the r5re-earth raotals present would be thrown dpwn with 
the thorium ; actually, however, the magnesia is added in small 
quantities aj. a time, and all the thorium phosphate is found in the 
first fractions of the precipitate, together with some rare-earth 
metals ; the majority of the rare earths are .separated with the 
later fractions of the yrecipitato. The impure thorium phosphate 
may then be dissolved in concentrated hydrochloric acid, and oxalic 
acid is added, which throws down a precipitate of thorwm oxalate. 
If the acidity is correct, comparatively little of the rare earths 
is precipitated. When the oxalate is warmed* with sodium 
carbonate solution, the thorium is dissolva-d and a further portion 
of the cerium earths sti]l present are loft behind as an insoluble 
double cfftbonate. The thorii*m tan then bo precipitated onco more 
with oxalic acid, and the o.xalato converted to the sulphat(?; further 
purification is effcptcd through fractional crys^lization of that Balt; 
finally it is converted to pinc^horium nitrate. ^ * 

The thorium nitrate*requirjti, for mangle makiifg must be quite- 
free from phosphates and frofli* the rare eaifhs. Many* attempts 
have been m^de to devise cTieapc^ mothpds Vf eliminating Bos¬ 
phorus, as the cosi ol the oxalic acid nee(^ed fflrtthe process just 
described is considerable. In one piw^ss,^ the monazite is heated 
with coke, lime and fluorspar 9i*the electric furnace, when the phos- 


* Certain stages in the American process aresIoscHbed in MetT GheA*Eng. 

21 (1919), 600. • . • A 

* C. Baskerville, Int. Oonf. App* Chem. (1912), II, 12. 
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phorui volatilizes away. ',The product is washed to renjpve lime, 
and then dissolved in hvdrofchloric acid, aftei? which the thoriMn 
is ^reeipitated wlth«sodrum thiosulpjjate. • ^ 

Manufactur<3 of the Welsbach 'Gas-Mantle. 'The starting 
• point of the gas-mantle is usually ti mantle woven of ramie fibre, 
which gives S, prod^ict very mu(jh more oificiont than cotton; 
artificial silk is'also uscd.^ The,ranllo mantles require to be soaked 
welWn dilute acid, so as to remove any mineral impurities present, 
and then in jjiilute ammonia, which probably serves to remove 
grease# They are dried in hot air, and afterwards “ impvegnated ” 
in a solutic^n containing thorium nitrate with small amounts of 
cerium, beryllium and magnesium nitrates. The mantles fl.re then 
dried again,land Ihe ramie is “burnt off,” leaving in tire place 
of the original mantle an “ ash skeleton ” consisting of thoria 
(with small amounts of ceria, beryllia and magnesia), but having 
the form of the original ramie. The skeleton is stjcngthened by 
immersion in a collodion solution dontaining camphor, and is then 
strong enough to bear transport in ‘boxes. The collodion is, of 
course,burnt off ” when the mantlb js fitted by^ the domestic 
consumer" on to his burner. • 

The mantle, when it is finally used as an incandescent material, 
consists essentially of thoria with 1 per cent, of c^ria in solid solu¬ 
tion. The beryllia and ipagnesia are present in smaller quantities, 
,and serve only to increase the strength. When the non-luminous 
Buqsen flame of the burner is lighted, the mantle becomes extremely 
hot, and commences to give out light. 

Theory‘of the Efficiency of the Welsbach Mantle. It is 
found that mantles comistfhg of pure thoria give a mueh less bright 
light than those containing 1 per cent, ceria, but that any further 
increa.se of "the ceria-contpnt decreases the luminosity, although 
a rather larger proportion of cqria is employed with ^advantage 
in the used for the high-pr'essuro burner.^ 

It is interesting Jo inquire why this particular mixture is more 
efficient,as a light-j^roducer than qtiy other''nfa'teiaal which will 
withstan'drthe hjmpcrature. It is sometimes stated that a Welsbach 
mantle will pr(>duc(\no fhore light^than a similar mantle made of 
any other raateriaV hold at the* same temperature; its special 
virtue—according^ to this view—*1168 in thO' fact that it actually 
attains a higher tempdratupv when placed withfn the flame than do 
' other substances.^ The highttempppature reached by the Welsbach 
mantle is mainly due to the fact that thoria is a highly transparent 

“ E. L. KnSedlor, Met. Chem. Eng. 15 (1916), 636. 

‘ E. Stern, Zeitsch. Angela. Gliem. 26 (1913),<. 806. 

» F. Haber, J. Soc. Chem. Inch 33 (1914), 61. 



THORIUfa 267 

substanc<», and accordirgly does Lot emi^'rays (visible or otherwise) 
1 *) the same extent as would a non-tAnsoarent or black substance. 
Since the production of anv rays neceslarily causes Jthe^ ja^ant 
material to ceol, any substanw which does njt giv^ off rays to the 
full extent will clearly become hottsr than a black substance placed, 
in the same flame. 'But just because thoria itself istcomparatively 
non-radiant, a pure thoria ma»llo will provide comparatively little 
light, in spite of its high temperature. The function of the cejfa is 
to cause the mantlcf to emit “ visible ” rays ; the emission is at a 
maximuqj in the blue region of the visible spectra.* If top much 
ceria is added, the emission spreads to other parts of the spectrum, 
and the proportion of invisible rays increases; at tlfo same time, 
the teJBperatiu’e becomes lower again owii% to the inpreasod radia¬ 
tion. Hence the addition of ceria in small quantities increases the 
efficiency, but larger quarftities depress it.^ * 

We can pjit tlie matter very shortly as fdllows. I’he thoria 
mantle roaches a higher terapqjwturo than a ^laok body exposed to 
the same flame, whilst tho»small ceria content allows it to emit 
more visible light than a yack body would emit, even at the same 
temperature. * 4'he Welsbaoh mantle has an abnormally high 
emissive power within the visible region, and an abnormally low 
emissive pojrer outside it. 

It is quite possible that the mantle substance aids catalytically 
tlie combination of the coal gas and oxygen, and that the com¬ 
bustion, taking place cJo.so to its sinface, causes it to reach a higher 
wraperature than would be reached by a similar mantle without 
catalytic activity.- » 

Other Uses of Thorium* Compeui^s. Curiously enough, 
thoria, besides its use in gas-mantles, is employed to*a small extent 
in the tungsten filaments of electric bulbs ; the maip function of 
the thoria (which will.be discussed m the section on tungsten) 
appears to be the control of grain growth in the filament. 

Thorium salts are of some slight importance in tropical Wdicine ; 
they are foujid’to ^i*avc an agglutinating ajlcl bactericidal Stition 
on certain pathogenic organisms, including those*4fiat cause 
eholcra and dysentery.^ 

Uses of CJprium and otlJef iJye-produqts of the’Mon»zlte 
Industry. * Cerium and the rare earths oCour monazito in larger 
quantities than th*orium, and the pr^ljlem^f finifing a use for t6e 

• • • 

1 H. E. Ives, E. F, Kingsbury arid E. Karrer, J, Franklin fnH. 186 (1018), 
401. 686; H. Rubens, Atm. Uhys. 2^ (1906), 593. • 

* Compare E. K. Rideal and H. S. Taylor, " Catalysis ” (Macmillan)? p. 124. 

* A. Frouin an® D. Roudsky, QompUa itend. 159 (IjH), 410; A. Sartory 
and P. BaUly. Comptea Bmd. IM (1921). 1267. 
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relatively large quantities' of theise bye-pr^duots has ale different 
times exercised ^he minds df those connected with the thorium 
industry, ffhe facfthaii 1 per cent of ceria is required in the 
mantle skeleton only joalls ’for the consumption "of a Small fraction 
• of the ceria available, ' «. 

A considerable am^sunt of the residue containing cerium and the 
rare-earth metals is used in thp prtiduction of pyrophoric allqys. 
The«metals are precipitated with oxalic acid and the oxalates are 
converted to hydroxides, which are dissolved in hydrochloric acid 
and dehydrated in a silica vessel in a current of hydrogoij, chloride. 
The mixed chlorides are then fused in an iron or plumbago crucible 
and electrolysed at 15-20 volts, a carbon anode being enqiloycd.^ 
An alloy of« very varying composition is obtained, knewn as 
Mischmetal], which consists mainly of cerium, lanthanum, praseo¬ 
dymium* and nebdymium, with much smkller quantities of the other 
elements. The percentage of cerium is often about 40-50 per cent., 
that of lanthanum niay perhaps ba about 25 per cent. ; there is 
usually about 15 per cent, of praseodymium, neodymium and 
samarium, and smaller amounts of irOo^and other metals. This 
mixture is then further alloyed with 30 per cent, of iron to give the 
hard pyrophoric material, known as ferro-cerium, used as a 
“ flint ” in automatic cigarette-lighters and gaa lighters. Other 
pyrophoric alloys containing Mischmetall along with zinc aqd 
magnesium are said to be made in Germany. 

Apother use of Mischmetall is that of a deoxidizer. It .has been 
employed as an addition to copper, just before pouring, the copper 
being rendtred free from gases, stronger and more ductile by the 
treatment. Forro-ceriuj|n has also* been tried with success as an 
addition to cast iron.^ Cerium steels are said to have boon made 
at several steelworks in France. 

Mischmetall has proved* of value as a reducing agent in the 
preparation of other metals whidh sre difficult to roduJe, for in¬ 
stance vknadium. 

( 

Am appreciable afct^mnt of cerium is also used for impregnating 
arc carbbp. It is usually applied *as the fluoride. Apart from 
- this? quite small quantities of cerium arc used* in dyeing, and in 
photography, whilst Jerium salts'aae^aid to be employed in remedies 
for 'sea-sickness. Cdrium is u^d in certain Jrinds ok optical glass. 
In war-time a csnhiderjble amount of cerium is «required for tracer- 
^ bullets and ^searchlights.’ 

^ A. Soc, d'Enc. 131 (1919), 60« Sea also H. Keilermann, 

Die peritmotaUe*und ihr Legiemngei^ ” (Hnapp). 

• A* Hir^h, Trans. Amer.^Electrochem. Soc. 37 (1920), 369. 

• S. Soc. Chem. Iiyi. 40 ( 1921 ),* 40 b . iJso S. J. Johnstone, J. Soc. Chem, 

^Ind. 37 (1918), 376 b . • 
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Like many metals with ivk) sdtiJ of salts,,cerium salts are powerful 
catalysts’and have ieen employW irj certain processes as oxygen 
carriers j they h^ve been tried as “ driera|” for ojl. 

In additioA to cerium, a j|ertain amount of mesoihorHi^ 1 
is obtained as a by-product of the mantle industry, aftd this has been 
employed as a sourc.e of radioaitivity. If a little barium chloride 
is added to the solution 6f mor»zite in sulphuric acid, the barium 
sulphate produced carries down ail the radium present, and jlso 
the mesothorium 1, jsvhich is an isotope of radium. The separation 
from barium is conducted by the ordinary method UF,pd for concen¬ 
trating rJfciium. » 

The period of half-change of mesothorium 1 is ojily about 6J 
years, much shorter than that of radium, Fey this reason, pre- 
parati<5hB containing mesothorium can be made wh*h are much 
more active than pure sal^s of radium ; but they must, course, 
be less permanent* losing half the activity due ,to mesothorium in 
years, thfte-quarters of it in 11 years, and so on. Technical 
mesothorium preparations geufcrally contain hnich radium as well. 
It is hoped that they will come to be employed largely in luminous 
paints—used Iqt instrumodts which require to be read in the dark ; 
the general ern^oyment of mesothorium for such purposes would 
liberate true radium preparations for medical uses, for which they 
are badly nfedefl. 



GROUP VA 


'V^anadium . . . . 51-0 

Niobium (Columbium) . . 93-1 

'Tantalum . . . . 181-5 

,Eka-tantaium . . . 230 


The elements of Group Va have a maximum valency of five, and 
form stable oxides of the type ; but, like most metals of high 
maximum valency, dbmpounds are also known correspoiuling to 
lower oxides. The higher oxides are acidic rather than basic, the 
lower oxides basic rather than acidic, if v;onnection.jfxists between 
the pentaValent elements of this group and the pontavalent elements 
of Group Vb ; many of the vanadates, including the complex 
vanadates, are isomorphous with the corresponding phosphates. 

The elements themselves are hard and take a fine polish. As hi 
the case of the two previous groups, the metal, when in a compact 
form^ often displays a simulated nobility, caused by the existence 
of an adherent oxide-film on the metal. A good example of this 
“apparent nobility” is afforded by tantalum, which is actually 
used as a substitute for platVnum. I’antalum and niobium resemble 
aluminium in Showing “ valve action,” when employed as anodes, 
and it is interesting to note that antimony and bismuth, two 
members of Group Vb, also displj.y valvd action. , 

“ Eka-tantalum,” the last metaf belonging to the group, has 
never been preparet} in a visible quantity, and merits no special 
descnptioji. It is a radioactive elemQnt, which is' believed to exist 
in certain* preparations of Uwrniuip X examined by 

Soddy.' It is probably the product^-of decay of Uranium Y, and 
is of special interest; as being the** parent of actinipm. Another 
radioactive elomenf,‘’ura(hium*X 2 , is isotopk: with eka-tantalum, 
ahd has consequently the s^e chemical properties but a different 
^atomic weight (234); this element, J-.as a very short period, and 
exists therefore only in very minute quantities in uranium pre- 
para^Ons. > 

• F. Soddy andV. A. Cranston, Proc.'Poy. Soc. 94 [A] (1918), 384. 
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vJnadium. 

Atomic weight 51-f* 

The Meta! 

Our knowledge of elemental vanadium, like that of elemental 
titanium,limited owing to the didiculty of obtaining the element 
free from oxygen and nitrogen. In both cases the substance 
believed by the early eheraists to be the element was proved subae- 
quentlji to bo the nitride. True vanadiunf appears tg bo a white- 
grey lustrous substance, very hard, and somewhat brittle ; it takes 
an unusually good polish,* and, on the whole, it«rcsomlyles high 
carbon steel,in a^)pcaranoe and physical properties. Like the 
members of the last group, it fujes at a high tejiperaturo (1,720° C.), 
only just below the melting-point of platinum. The shrinkage 
patterns produced on the j/co surface of a vanadium ingot suggest 
that the met;t^srystalli»cs from the fused state in the j),exagonal 
system ^; but X-ray investigation at ordinary temperatures indi¬ 
cates thr-t tijp system is cubic^ the atoms being arranged on a centred 
cube lattice.'* 

The chemical properties of vanadium vary considerably with the 
state of .division in ^hich it exists. Finely divided vanadium’ 
combines readily with oxygen and with nitrogen when heated in 
these gases, and is said to burn when introduced into a,flame. On 
the other hand, the compact au<l polislj,ed metal can bo heated in 
air with only superficial oxidation, the colour becoming brass- 
coloured, owing, no doubt, to a thin oxide film. At ordinary 
temperatures polished vt^nadium can rttoain in air fot* a long time 
without Bndergoing a])precia^le •change ; presumably this is due 
to a protective film which is at low temperatures too tl*n to be 
visible. Pos.slbly fpt the same reason the^^lomeut is not jrory 
I'cadily attacked by reagents, Although, when once in the /ombined 
state, vanadium 4 b onlf’ wth difficulty jedueed to tl?^ elemental 
condition. Vanadium precipi^4e» gold and Silver from* solutions 
of their salts„‘but it does noff evolve hyd^ogei^ from dilute hydro¬ 
chloric or sulphuric acids, or from aqueous sahjtions of caustjp 
afkali. Nevertheless, it is dissolved 4)y hydrofluoric acid, and by 
fused caustic soda, hydrogen Ifbing in*each case evolve^. Oxifcing 
acids, like nitric and stronf^suljjfiuric, ajso attacks vanadium_^. 

' See L. Weiss and O. Aiohel, Ztsb. Ann. 337 (1904), 382, 

* A. W. HuU, J. FrankUn Inst. 193 (1922), 2d0. 
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Whilst the metal has'no action ^pon'waller at ordinary, tempera¬ 
tures, it is oxidized at high temperatures even by traces of water 
vapour. ' , / 

Lsluoratory,Preparation. No v^ry easy method of obtaining 
metallic vanadium exists. When ,the pentoxide is reduced with 
carbon in the (Jectric furnace, the product contains either carbon or 
oxygen, according to the proportions of the two reagents employed. 
If s'ljfficient carbon is present, the main product may be the silvery 
carbide (VC). If the reducing agent employed is aluminium or 
potassium, thb resulting material is liable still to contaYi oxygen. 
If a mixture of the carbide and the oxide, in carefully adjusted 
proportions,'is heated, the two non-metals are largely, but not 
completely, eliminated.' , 

A slow method of obtaining vanadium depends on passing a 
current 6f dry hydrogen over the dichlolidc (VClj) strongly heated 
in a porc'olain tubfe ; the hydrogen must be afisolutfly dry, since 
the smallest traces o^ water will cajse the oxidation of the metal. 

A much quicker method is to heat the pentoxide with Miachmetall, 
the allojr of cerium and other rare mekjls which has already been 
referred (o. It may scorn curious that so jinusual/jleducing agent 
should be employed, but it must be remembered that misohmetall 
is composed of highly reactive metals, which giv.e oqt more heat 
when they are oxidized than does aluminium, which are less volatile 
than potassium, and which do not easily alloy with vanadium at 
a high temperature. It is doubtful whetljer any other,reducing 
agent possesses the same quaUfioations. When the mixture of 
powdered nrischmetall and vanadium oxide is heated in a magnesia 
crucible, a very violent thermite ” reaction occurs, the cerium 
metals being qxidized afinost instantaneously with a great evolution 
of heat; the vanadium produced is completely molten and, after 
cooling, is obtained as a ^ood button.''' , Analysis has shown the 
metal, prepared in this way, to'covtain about 99-7 pet cent, of 
vanadium. 


Compouilds 

^ " * 

At least four oxid^ of {fanadium ^Xist, V^Oj, VOj, VjO, and VO. 

In p.ddition, a lowef oxide Vj6 fiasabeen describe^, although its 
dentity is doubtfpl,' whfist coixpounds corresponding* io a peroxide 
VaO,) have been isol*ted,^lthough the oxide* itself is unknown. 
The four important oxides possess Jiy-sic properties, and form salts 
vith acids whijh are recognizable b^ their colour in solution, 
• * • . • 

* (Jompare 0. Ru3 and W. Martin, Zeitsch. Ang&v. Ohfm. 25 (1912), 49. 

* W. MutbioaDn, L. Weiss and B. Bied^y>auoh, Lieb. Ann. 356 (1907), 59. 
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although »they cannot always b« obtaiijM in the solid st/te on 
account of hydrolysis. As is usually* the case, the higher oxides 
are less stron^y basic than the lower oxides) The t*wo hi^e^ pxi,des 
have well-mafked acidic pro^rtios, and forjn saltg with alKilis; 
the vanadates, formed from the Ifighest oxide (VjOj), present a 
close analogy to thd phosphates.' ^ I 

As is usual with metals of vatfablc valency, the salts of vanadium 
display selective absorption for light of certain wave-lengths w^Jiin 
the range of visibility ; in other words, they are coloured. Very 
remarkable colour-changes are ohservod wlion the solution oljtained 
by dissolving the highest oxide in sulphuric or hydrochloric acid is 
reduced with zinc. Similar colour changes are soon wHbn a solution 
in hydi^chlorio acid is placed in the cathrfdie dbmpajtmont of an 
electrolytic coll divided into two compartments by a porous pot, 
reduction being carried ouS by means of the clectrift curreftt. The 
course of tho,roduJtion depends on the cathode materia!. Using 
a lead cathode, four stages of teduction can )|e distinguished, each 
stage being marked by a different coloration. The original solution, 
containing a salt of V 20 ^.>s yellow ; upon reduction the colour 
changes throu^!»green to blue, wbich is the colour of five salt of 
VOj; further reduction at ordinary temperatures causes a green 
coloration, djie t(^a salt of V 2 O 3 , but above 90° C. reduction proceeds 
still further, a salt of VO being produced, which gives a violet-blue 
tint to the solution. 1 

The colours of tho ^different solutions aro sometimes ascribed 

to the ions V., V , V", and V”, although it is very douStful 

whether most of these ions have any real existence in tiro solutions, 
since hydi'ol^sis occurs, and coiaplex catjoi^ containing oxygen are 
probably formed. The colours and important properties of the four 
types of vanadium salts are shown in tabular form on ^age 274. 

A. Comiiounds of Pehtavalemt Vanadium (Vanadic Com¬ 
pounds). 

Salts of vanadki o*fdo (VjOj) are formed wjibn any of the l«wer 
salts of vanadium are oxidizftd with potassium permjjj^nate in 
the presence of add. 1^16 oxijle itself is produced'whcn'any tewer 
oxide—or the metal itself—i# treated with liitric acid,* and the 
product evapKtfated to dryness. •.It is mor^ cohveniently prep^ed 
by ignition of ammonium vanadate in air ^t 4401’ Of The oxidt 
is met with in different forms, and theVolour may be yellow, red, 
or grey.* The yellow amorphous form is the one usually obtwned 

by heating ammonium vanadat^ It fuses without decompqfiition 

• • * # 

* S. Fischer, Jtmr., Trana. Avier. Elacirochem. Sec.,30 (1916), 176.* 

• W. F. Bleeker, Met. OhemtEng. 8 (1910), 666. 
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r 

Valency. 

Series of Salts. 

1 i ^ 

(Colour of Solution r 

Properties. 


Salts of VgOfi 
(Vanadic salts) 

Yellow, d’^o to V 
or, more probably 
[VOaJ' or [VO]-■ 

• 

Mild oxidizer. 
Oxidizes sulphur* 
ous acid. 

r 

It 

4 

Salts of VOj 
(Hypovanadic salts] 

Blue, due to V ' or 
perhaps [VO]' 

Mild reducer. Re* 

^ duces potassium 
porraanganate. 

3 

Salts of ,V 203 

(Valiadious salts) 

Green, duejto V" or 
perhaps [VO]‘ 

Strong reducer. 
Precipitate., mo- 
lallic silver from 
silver salts. 

C 

2 

Salts of vb 
(Hypovanadious 
salts) 

O 

Lavender, ^.perhaps 
due to V 

Very powerful ro* 
ducor. Solutions 
spontaneously 
cvtilve hydrogen 
on warming. 


when heated in air, and the fused oxide crystallizes on cooling, 
yielding a distinctly crystalline mass, described by some authors 
as grey and by others as red. The probable cause of this disagree¬ 
ment is that fused vanadium pentoxide is very active, attacking 
even platinum ; the colouj- of the liquid is yellow-red when pure, 
but the merest trace of organic matter causes it to darken owing to 
the formation of VOj. 

A red curdy form of the 'pentoxidc is precipitated by the action 
of acids on a solution of a solublc'vanadatc. Another “ ted amor¬ 
phous ” form is produced when ammonium vanadate is heated, and 
the residue treated with nitric acid and again ignited. The product 
on cooling is hygroscopic, and absorbii water from the air, becoming 
red.-Wh^n shaken withi water, it^appeaiB to> dissolve, forming 
what is evidently a bolloidal soldtjok,, since it is flocculated by the 
addition of salts or/weids. 

^ An effective m»Niod pf preparing a colloidal sqjution of vanadium 
pentoxide is to grind ammenium vanadate with dilute hydro¬ 
chloric acid,'(and to wash thb reddish-brown product (vanadium 
pentopde) on a filter with water, until the wash-water passing 
through the filter-paper Wegins to be coloured. At this point, the 
whole contents of' the filter are renfpved into pure water; they 
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dissolve leadily, yielding a clear ied-yellq^ liquid.* On elec/rolysis 
the particles move ’towards the anoflie—a fact which shows that 
they are neg^tivhl^ charged.^ 

The colloidal solutions of vahadium pt*itoxjde are,of quite dj)ecial 
interest owing to the fact that 1#io particles appear to have a* 
crystalline haractef.^ Immediately after preparalion, the par¬ 
ticles seem ti, bo more or lesi*ro^nd, but after storing for some 
months at ordiiiary temperature, or even after heating for a sfiort 
time at 90-100° C.,* the liquid acquires optical pr(jperties which 
seem to ^ndicate that the particles are crystalline. Ar^ ultra- 
mieroscopic study of the liquid at this stage suggesjis that the 
particles have grown to bo rod-shaped. In additioTl, the liquid 
when aVrrod exhibits a “ silkiness ” similai* to that pi^ducod when 
a suspension of minute lead iodide crystals in water is stirred ; 
this silkiness is due to thfi fact that all the little‘crystaR in any 
given part of,-,the liquid turn in such a way that their longer axes 
are parallel to the direction iu* which the water is moving. The 
viscosity of the “ sol ” increases with the duration of heating, and 
if the heating is coiitiiiutd suflicicntly long, the liquid may 
gelatinize. 

Vanadium pentoxidc po.ssosses both basic and acidic properties. 
It dissolves,in concentrated .sulphuric, hydrochloric and hydro¬ 
fluoric acids, yellow solutions being obtained. It is not easy to 
isolate salts from these solutions ; the solution in hydrochloric acid, 
for instance, evolves qjilorino upon evaporation. In other cases 
complete hydrolysis occurs, but in various instances basic salts can 
be obtained. For instance, a solution of vanadium pentoxide in 
concentrated sulpliuric acid, heated for some time, deposits a reddish 
sulphate having the composition LVO] 2 (S(? 4)3 (possibly containing 
combined water). The solution in hydrofluoric acid fields, upon 
the addition of potassiuqi fluoride, yellbw crystals of the double 
fluoride 2 KP.[V 02 ]F. 

The vanadates, which are combinations ot the pentojflde with 
basic oxides, aro.bebtir defined substances, ^mmonium meta- 
vanadate (NIIjVO,) is fornSed when vanadium p(aat4xide is 
dissolved in aqueofts ammonia, ^nd is obtained in cffllourleSs crystals 
when the solution is evaporat^* It is almotll insoluble tn excess 
of ammoniun»^hloridej and therefore is brqpghb down as a pr^lpi- 
• 

» W. Biltz. Ber. 37 (1904). 1098. 

* W. Reinders, Koll. Zeitsch. 21 <ftpi7), m ; Proc. Amst. A^d. 19 (1916), 
189. Compare the views of H. Diesselhorst and H, FreimdIich,*PAy^. Zeitsch. 
16 (1915), 419; H. Freundlich. Blekttitckem. 22 ()916).^27. ^heee 

authorities think that there is no true crystal form^ion. See also Ht R. 
Kruyt, Proc. Amet.^cad. 18 (1916^, 1625 ;*H. Zooher, Zeitsch. Phys. Ohem. 
98 (1921), 293. 
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tate 'rtyhorever a ooncentf^ted solution of e. vanadate is /laturated 
with ammonium chloride. The metavanadates of many metals, 
such^^s^ barium, lead aril silver, are insoluble yelloi}' precipitates 
obtamed by tlpe interaction of ammonium metavaiiadate and a 
' solution of a salt of the metal'in f^uestion. 

When a solution of ammonium metavanadate is acidified with 
acetic acid, the-liquid becomes yello*-/ owing to the formation of an 
anhydro-salt, ammonium tetravanadate, 2 NHiV 03 .Va 0 j, which 
can be obtained in the solid state by evaporation in vacuo. On 
the otjhcr hand, two series of salts more basic than the meta¬ 
vanadates are known. Sodium pyrovanadate (Naj’C^aO,) and 
orthovanad'ate (NajVOi) are obtained when vanadium pentoxide 
is fused withjthe tKeorctical quantities of sodium carbonate,a.nd the 
products crystallized from water. The p 3 a'ovanadatcs and ortho- 
vanadatbs are loss stable than the meta vanadates, and arc chiefly 
of interest on account of the analogy prosdited ,to the pyro¬ 
phosphates and orthophosphates.It is found that the various 
metavanadates, pyrovanadates and orthovanadates are frequently 
isomorphous with the metaphosphates,*.pyrophosphates and ortho- 
pho.sphates containing the same amount of water .oPtrystallization. 
The pyro- and orthovanadates of the heavy metals (e.g. silver, 
lead, etc.) are in most cases insoluble, and can be obtained as yellow 
or reddish precipitates by double decomposition from the sodium 
salts. The vanadates of mercury, lead, copper and iron can fee 
fused at about 600“ C. and set to exti;emoly hard masses on 
cooling. 

When the vanadates arc decomposed with acids, hydrates of 
vanadium pentoxide are (produced, as already mentioned. The 
product varier in appearance according to the conditions of prepara¬ 
tion, and the earlier chemists assigned special names and formulae 
to various forms. For irfstanco, the brpwn precipitate obtained 
by the action of acids upon a t(Jtra,vanadato has been ‘fconsidcred 
to be “•pyrovanadic acid,” HjVjO^, but there appears to bo no 
very convincing re&ion for regarding it as d dofinito compound. 

The dD-callcd “ metavanadic aoi?l,” often regarded as HVO„ 
deserves Special* mentioni It is foriped from thfc' inetavanadates of 
copper, *inc, or other heavy nnpUjls. A convenient method of 
preffiaration consists in, adding bo a solution of (?<>pper sulphate 
containing excou^of ^mmonium chloride a solwtion of ammonium 
vanadate, until a permaneflfrprecipitate begins to come down', after 
which the liquid is heated'at 75*0. The metavanadic acid is 
brought down in glittering gold,spangles.Its fine lustre has led 
to the name of “ vanadfum bronze.” According, to some authori- 
1 B. W. Geriand, Ber.fi (1876), 872. 
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. ^ ^ ^ • * 
ties.i th» “ vanadium^bronze ” js really^ an amnlonium va^ladate, 
not “ metavanadic acid.” It cortaitfly appears to contain traces, 
at least, of #mmonia. 


• • '-'j 

B. Compounds of Tetrav^leijt Vanadium ‘(Hypovanadic, 
Compounds). 

Hypovanadic oxide, VOj^'is formed when a snixturo of the 
higher and lower oxides (VA and V^O,) is strongly hcate(J*; it 
is said to be formed also upon the electrolysis of the molten pent- 
oxide. IJ is a blue lustrous substance, which, unlike* ho peptoxido, 
is extremely infusible. A hydrated form, obtained by precipitation 
of the corresponding salts by moans of sodium carboiTato, is a grey 
precipitate, becoming dark when driefl. Hypovp,nadio oxide 
possesses both basic and acidic properties, and dis.solve.s in acids 
and in alkalis. The solutions in acids have a br%ht blflo colour, 
due to hypovanadib salts, The.so blue solutions can also be obtained 
by the mild reduction of vanydic salts, for isistauco by the action 
of sulphur dioxide upon a solution of vanadium pentoxido in sul¬ 
phuric acid. Sulphur djs»;ido reduces vanaditim to the hypo¬ 
vanadic condAian, but not further. No normal salts ot the typo 
V(SO ,)2 are known, but a basic sulphate, [VO]SOi (usually known 
as vaaadjl sulphate”) is thrown down as a blue powder when 
the blue solution of VO^ in sulphuric acid is heated for some time. 
An e.xamplo of an insoluble hypovanadfe salt is provided by the 
bluish-green phosphatg, which is produced by precipitation. 

Solutions of hypovanadic oxide in caustic alkalis are ’deep 
brown and contain hypovanadates. Potassium hj^wvanadate, 
K 2 O. 4 VO 2 . 7 H 2 O, can bo obtait»d in tli# solid state by the crystalli¬ 
zation of such a solution, and is a reddish-brown substance. The 
hypovanadates of the heavy metals aro mostly insoluble, almost 
black, powders, obtaineej from the pot&ium salt by precipitation. 


C. Salts of Trivalent Vanadium (Vanadious Comp»unds ).2 
Vanadious (V^idc* V 2 O 2 , is obtained wJrSn the pentoxide is 
heated in hydrogen. It is a t)lack powder, almost infysiBle, which 
readily absorbs^xygen whor; c.xpo.stid t »3 the aiP. Th 8 hydrated 
oxide, prepared by precipit, Moii ftf the saltlf with ammonia, is a 
greenish gelal^nous precipitate, .which is ylsoVasily oxidized?* As 
usually prepared, Uie anhydrous oxide is oiijy vdty slowly dissolved 
by acids, but the salts corresponding toSt can readily be obtained in 
solution by the reduction of tBe salts*of higher oxides*’ Magnesium 
is a particularly useful red»cing,agcnt for the putpose,^ because it 


■ A. Guyard, ©id?. Soc. Chilli. 25 (18J6), 366. . • • 

• Some writers rather Ulogiaally speak of these as*‘ Vanadi-salts.” 
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will reduce the saits of VjD, to the salts of VjOa, but the »eduction 
will not proceed further, ^ anfd the solution will remain free from 
salts of yOw Soliiticws ofl the vanadious salt possess a, green colour 
in thd'presence, of fro? acid; in the Absence of ©xceso of acid, the 
•solutions are usually of a choOolate colour, no doubt owing to 
hydrolysis. Ift a cold solution of hypovanadic oxide (VOj) in 
sulphuric acid ia placed in the catholic compartment of an electro¬ 
lytic, cell provided with a load cathode, and if a current is passed 
through the coll, the blue colour gradually changes to green, and 
finally an acid vanadious sulphate, ¥ 2 ( 804 ) 3 .H 2 S 04 . 12 Hj 0 , 
separates in minute green crystals. The anhydrous normal 
sulphate ¥ 2 ( 604)3 is obtained by dissolving the green acid sulphate 
in a little wjiter, SddinJg a little sulphuric acid, and heating at 
180° C. in a stream of carbon dioxide ; a yellow precipitate comes 
down, aftd should be separated by filtration through porous 
porcelain,'quickly Washed with water, alcohol ahd other, and dried 
in vacuo over sulphwric acid. Possibly on account of the high 
temperature of formation, it is almost insoluble in water; but it 
dissolves in hot dilute sulphuric acid, giving a green solution.^ 

All vanadious salts, like the corresponding titaitous salts, are 
powerful reducing agents. ¥anadious oxide has no acidic character 
and is undLssolved by alkalis. 

D. Compounds of Divalent ¥anadium (Hypovanadious 
Compounds). 

Hypovanadious oxide, ¥0, is formed when the higher oxides 
are heated very strongly out of contact with the air with a .strong 
reducing agent, such as pol^ssium. i The best method of preparing 
it is by passing, hydrogen gas loaded with the vapour of the volatile 
oxy-chlorido (¥OCl 3 ) through a hard-glass tube contaimng char¬ 
coal, heated to redness in A combustion furnace. The hydrogen 
removes the chlorine, and the oxide, ,¥ 0 , is deposited anhmgst the 
charcoal. '• It is a grey substance of metallic appearance, which, like 
the nitride, was thought, when first produeed, to Ise metallic vana¬ 
dium. It melts only at a very high' temperature 

Hypovafiadious oxide dissolves in acids, yhlUing violet-blue 
solutions which contain hypovaimdio^is salts. The same solutions 
may°he obtained up<>n the reduction of vanadic comf^ojinds, either 
by addition of uiuc to the acidified solution or by electrolysis. 
They must be protected frOm the air, since they absorb oxygen 
very readily, i In fact, when the solwflons are heated, they actually 

* Acoordirlg to H. E. Eoecoeand C. Schorlemmer," Treatise on Chemistry ” 
(MaciuUlan), Vol. II. ' 

. » A. Stabler and H. Wirthwein, Ber. 38 ^1906), 3978. 
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evolve l^frdrogen. They a^o v^y powofful reducing agents and" 
reduce salts of cof(i)or, tin, silver a«d'gold to the metalfic con¬ 
dition ; the ^elutions bleach certain or^nic «coteuring substances 
such as indigo or, litmus, (iji account of the great tenSckcy of 
hypovanadious salts to become oxidized the isolation of the solid, 
substances presents difficulty. But by evaporation jof the solution 
in vacuo, the sulphate, VSOitZHaO, has beSn obtilined in violet 
crystals, isomorphous with forroiis sulphate, FcSOj.THjO. 

» 

E. Highly Oxidized Compounds of Vanadium.* 

Certain* compounds of vanadium corresponding to a higher state 
of oxidation than V-^Os aro formed when hydrogew* peroxide is 
added jo a solution of a metavanadatc. A yeHow solution is pro¬ 
duced, which contains a pervanadate. In some cases the solid 
body can be isolated ; for*instanco, on adding alcxjiol to m solution 
containing potassittm metavanadatc, hydrogen* ])croxid(f and sul¬ 
phuric acid, potassium pervanadate, KVC^,, is precipitated as a 
yellow powder, since it is comparatively insoluble in water con¬ 
taining alcohol. The corresponding pervanadic acid, HVO,, is 
deposited in yf hpw crystitls from a solution of vanadio oxjjle (VA) 
in sulphuric acid to which hydrogen peroxide has been added ; but 
the anhydrous neroxido (V 2 O 7 ) is unknown. The solutions of all 
the pervanadates have a deep orange-yellow colour, which is much 
more intense than the faint yellow of the Vanadates. The solutions 
arc unstijible, readily evolving oxygen. In the presence of hydrogen 
pero.xide and fre« iicid, they lose oxygen particularly readily f the 
solution, under these conditions, becomes blue, indicating that the 
vanadium is reduced to the tetravalcnj condition.’^ 

F. Miscellaneous Compounds. 

Chlorides of Vanadium .2 It is • impossible tef obtain the 
various dtilorides of vanadiujp hy concentrating the solutions of 
the oxides in hydrochloric acid. Hydrolysis always oc*urs, and 
the hydroxide, gf best a tasio chloride, precipitated. , The 
preparation ol vanadium chloKdes, therefore,*must be accamplished 
in a “ dry wa' 5 ^’ Wflen pure dry chiorinc ga* is imssod, over 
vanadium pentoxide heated iu ^ l»rd-glass t«bo at a duU red heat 
(below the .jnelting-point cf the pentoxidrt| the oxychloride, 
VOCI 3 , is producc4 alfnost quantitatively, oxygeiijbeing turned oijt 
by chlorine. It can be condensed ia» a yellow liquid in a cool 
receiver. When the oxychlortdc is Heated with sulpljfir for t’frelve * 
hours in a reflux apparatus,,the ^ygeu if eliminatad and vanadium 

* V. Auger, Oomptea Rend, 172 (1921), 1366. 

> 0. Eufi and H. fcickfett, Ber. 44 (ISllf, 606. 
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trichloride,' VCls, remans; excess ^of sulphur can finally be 
removM by distillation in a stream of carbdn dioxide, and the 
trichloride js left' behincf'as a pink or violet crystalline crust. It 
is deliquescent, and reacts, with watjjfe to give atchociolate-coloured 
„ solution which becomes green (like,all vanadious salt solutions) on 
the addition <jjf acid. , * • 

When heated in a ‘stream of nitrftgon, the trichloride decomposes 
to k mixture of dichloride, VClj, and tetrachloride, VClj. The 
latter, like the tetrachlorides of tin and titanium, is a volatile liquid 
and distils oA, whilst the dichloride, which is a scarcelv volatile 
solid, remains behind in green flake.s. The dichloride thus prepared 
seems to betfairly stable (although information on this point is 
contradictory); list when exposed to air, it absorbs wajer and 
oxygen, giving the chocolate-coloured liquid referred to above. 
The tetrajhloricV) can bo obtained, as just'fltated, by the spontaneous 
decompo.sltion of tiie trichloride, but a better yield i^ obtained by 
passing chlorine overjho heated trichloride. It is a brown liquid, 
which yields, with water, a solution, having the blue coloration 
typical of all tetravalent vanadium salts. 

Vanadium nitride. It has already^ been <nentioned that 
vanadium unites with nitrogen when heated in a current of that 
gas, but the reaction takes many hours to oompletcovep. at a bright 
red heat. A blackish powder is obtained, which finally reaches thp 
composition V.jN and cea.scs to take up further nitrogen.^ The 
dissociation-pressure of the nitride thus obtained is very low, less 
than 0-2 mm. at 1,203° C.“ Nitrides have also been obtained by 
the action *l ammonia gas upon the pentoxide of vanadium at a 
high temperature ; acoordkig to Roscoe,^ the resultant compound 
has a composkion VN. The .same authority states that a higher 
nitride, VN,, is obtained by the action of ammonia on the tri¬ 
chloride, the residue obtaihed being heated to o-xpel ammonium 
chloride. Muthmann considers thcr individuality of l5icso two 
nitrides fo be somewhat doubtful. , 

Analytical 

xne numerous coiour-cKanges which accompany the reactions of 
vanadium*compound? in solution aits f()eful in detecting the presence 
of the metal. VanaAum compounds in the fully oxidSbd (vanadic) 
condition po8*sesS, in tie presence of acids, a J^ellow colour,, but 
wheq they ai;e reduced with ziqc, it becomes blue. Caution is neces- 

I • 

^ W. Muthmann, L. Weiss R. Riedelbauch, Lieb. Ann. 355 (1907), 93, 

• SeS R. E. Slade an^ G. I. Higsoiff’Brit.* ^ssoc. Rep. 83 (1913), 461. 

’ E. Roscoe and C. Schoriemmer, " Treatise on Chemirtry ” (Maomillan), 
Vol. II. 
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sary, hovipver, in drawing cJnclu^ions, fo^ t*he uuurpuunuB oi several 
other metals, e.g. nft)blum, tungsten ftnd|molybdenum, also* give a 
blue colour .with zinc. Tannic acid |jivcsi a'blacl^ coloration 
(“ vanadium ink ”) when add<^ to the solution of a motavanadate, 
but, here again, salts of anotjier metal (iron) produce a similar • 
coloratimi. The addition.of ammonium sulphide to an ammoniacal 
solution containing vanadiura*'yields a fine cherr 3 i-Vcd coloration 
due to a complex sulphide. * * 

The quantitative separation of vanadium from most other metals 
depends on the acidic character of the higliest oxide (V^Oj) and the 
insolubility of the lead and mercury salts. 'J'ho vanadium must 
first be oxidized to the vanadio condition, if not alroady present in 
that cbpdition, by the addition of potiussium permanganate, or by 
fusion with potassium nitrate, according to circumstances. The 
solution is then made weakly alkaline, so that the salt is present as 
a vanadate, filterdd from any iiusoluble hydroxides anfl treated 
with lead acetate. The vanadium is precipiVited as the iiusoluble 
basic lead vanadate, and is thus separated from most other metals. 
The precipitate has not a v«ry constant compo.sition, and it is best 
therefore to diRsqlve it iij’nitric acid, separate the lead a^sulphate 
by the addition of sulphuric acid and alcohol, and evaporate the 
filtrate io dryness ; the residue, after ignition for some time at a 
faint red heat, is weighed as vanadic oxide (VjOj). A quicker 
process is to precipitate the vanadium‘by means of mercurous 
nitrate, jnstead of load acetate. The mercury vanadate can be 
ignited direct to yield the oxide. * 

The separation from chromium, molybdenum ai^i tungsten 
cannot be accomplislied in this ivay, for,the chromates, molybdates 
and tungstates of mercury and lead are alsi? insoluble. To separate 
the.se metals, the solution, free from other metals, is evaporated to 
a small volume and saturated with aiSimonium chloTide. It has 
already bewn mentioned tliat ajnnfonium metavanadate is practically 
insoluble in a strong solution of ammonium chloride. The sandy 
precipitate profljiogd, therefore, is filterec^* off, washed .with 
ammonium cffloride solution, *and ignited oul; of cont^t,»with the 
filter-paper, so *9!k to ei^l the excess o^ ammoniura cMorida and 
ammonia. Great care is n^(%d» to prevent loss of vanadium 
compounds iji),<the form of lineMu^t. The ammonium metavankiate 
is converted to vanadJb oxide (V^Oj^ as a result of ^h» ignition, an^ 
the -fanadium is weighed in that form* 

On account of the similai?ty of y)hosphatcs and .arsenates to 
vanadates, the estimation o^vang^ura iikthe presence of these salts 
also may presen^ difficulty. It is best td redflce the V£&iadium to 
the blue tetravalent state by ^e actidh of sulphur dioxide and Ihen _ 
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to precipitate the phospliorus as/pho/ phomolybdate; tie arsenic 
can bo separated as sulphide*, and the vanadium can afterwards be 
re-oxi^li^ed, and {sstimatfd as usual. ’ t 

When other^ metal^ which form ^wo series of salts arc absent 
' (e.g. iron and copper), vanadiurti c^n be determined volumotrically. 
The vanadiunj; is assumed to be first in the viinadic condition; it 
is made acid and reduced to the hjipovanadic condition by passing 
in s^ilphur dioxide. Then it is boiled free from sulphur dioxide, 
and titrated with potassium permanganate. The amount of 
permanganate needed to reconvert the solution completely to the 
vanadic condition is a measure of the amount of vanadiuin present. 

Vanadates‘'can also be estimated by titration with ferrous salts, 
potassium fe):ricya(Lide being used as a side-indicator. An,electro- 
metric method has also been worked out in which the end-point is 
detected'by thessudden drop in the P.D. 'at the surface of a platinum 
electrodc'iinmersed in the solution '; in this mhthod.tho side indi¬ 
cator is dispensed -niith. 

Colorimetrio methods of estimating vanadium have also been 
studied and are u.scful where the quantity present is small; one 
method depends on the depth of colour obtained trhen hydrogen 
peroxide is added to the solution.^ 

Teree.stbial Occurrence 

I I 

Vanadium is one of the rarer elements, but is nevertheless fairly 
widely distributed. In igneous rocks, it is* found —unlikd most of 
the elements—mainly in the basic and ultrabasic varieties, smaller 
traces being present in the acidic rocks. Appreciable quantities of 
vanadium occur in certam Snagnetites, particularly thos« containing 
titanium ; thtis vanadium is a minor constituent of some iron ores. 

In additian, where ore deposits of the heavy metals (lead and 
copper) have been formed in connection v/ith the intrusi^ons, small 
quantitie^s of minerals containing vanadium are sometimes found 
along with the con\'noncr minerals s the vapadates of the heavy 
metals are often prefcnt in those peytions of fhcT ores which have 
undergonl^ txida.tion. In the mining distnict of ^.nzona and New 
Mexico, the chloride,and'vanadate ef lead, 

• ,/ Vanadi'nitc . . SPbafVOjljiPbClj, 

• * jI' * <' ** 

occurs in deep ned cryptals. These crystals, itishould be noticed, 
are isomorphous with that' important natural phosphate, 

‘Apatite . . ' . 3 Ca 3 (P 04 ) 2 .CaF 2 . 

» C. L. HeUey and A B. Conant, J. Amer. Ckem. Soc. 38 (1916), 341. 

* ¥. Slawik, Ghem. Zeit. 34 (IfilO), 648, describes a nlethod of this kind 
.adapted for the determination of vanadium in steel. 
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Similaiiy in Peru, clwe to|fche ^opper-nAmng districls, an impure 
sulphide ore of vanadium occurs ; tMs ^ called * 

•Patironite ^ .V 63 (? ) * 

It occurs along with iron pyrdjis ai^ cloWy dssociaiea witn a poor 
coal confining much sulphur.*’ 

Many other vanadium minerals exist in nature, su(|i as the basic 
vanadate of lead and copper,* • * ' , 

Mottramite . [Pb, Cu]a(VOi) 2 . 2 [Pb, Cu](Orf)j, 
which has-been found in Cheshire. A far more imjmrtant,source 
of vanadium, however, is the vanadate of uranium which,has already 
boon discussed a.s a source of radium, namely, * 

* Carnotite . . K.,a 2 U 63 .VaQ 5 . 3 HaO. 

It occurs in Colorado and Utah as a canary-yellojv impjpgnation 
in sandstones and, other rocks. Other sandstones in .Colorado 
contain a micaceous mineral, i^scocllitc, which contains 2-4 per 
cent, of vanadium. * 

Small quantities of vanajjium exist in other kinds of deposits. 
Some samples of bauxite Contain appreciable amounts of the rare 
element, which has also iJeen found in numerous clays. It is note¬ 
worthy <^hat plants seem to absorb vanadium where it has pas.sed 
into the soilf ami in this way considerable concentration has been 
brought about. Thus, numerous samples ^jf coal and asphalt found 
in different parts of the South American Continent (Argentina and 
Peru) yield, on burning, an ash which contains vanadic oxide., in 
some cases, the oxide may represent 38 per cent, of the ash. 

TECHNOIiOaV AND 'Ufft'I.S 

The most important practical source of vanadium is the sulphide 
ore of Peru (pattronitc), which occurs albng with coal,*sulphur and 
pyrites, 'fho whole earth arguntl the patronito veins i.s impreg¬ 
nated with soluble vanadium compounds, and catch-basin* are dug 
out and allowed tp IsM with vanadium-bearin|j*waters from which 
the metal can*bo recovered. The solid ore is also used^aq.'w. source 
of vanadium ; TT’may l)e roiwted and ftised witfi sodiJ, yielding 
sodium vanadate,* which can be extracted by teaching. Im another 
process the oigf is extracted wnh gulphuric ^cid*^which dissolve*t)ut 
the vanadium in th» telravalent statS.* It ij subsequently oxidized 

• The formula here ascribed to pqttronita'ia attributed to it by Manz. ,The 
mineral is extremely impure, and mflst authorities do not veniure to suggest 
a formula. , . 

» W. F. Hillebrand, Amer. J.^ci. S* (1907),J41. » 

> F. L. Hess, (7.A Geol. Sun., Min. ites. (1918), I. 816. 

‘ W. F. Bleeker, Met. Chem. E^ig. 9 (1911), 499. 
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and precipitated* as iron Vanadat^* or fa vanadio acid. It is stated 
that tfie Peruvian supplie^'arfc beginning to sliotv signs of exhaustion. 

Prafi^cally all'th* vapadium oxide and iron vanadate produced 
k mixed with fuel (aijd with iron or^,if necessary) ai^ is smelted to 
give the important alloy ferra-v^nadium, which is used largely 
in the manuiacturo of certain steels. The matter is further dis¬ 
cussed in the*section on ferro-allojp (Vol. III). The reduction is 
usil^lly carried out by means of carbon or silicon in the electric 
furnace. Steel-makers prefer a ferro-vanadium which has only a 
small carbon-content, and hence silicon is regarded as the better 
reducing a^ent.'^ Another method, depending on the reduction of 
iron vanadate with aluminium, has also proved very valuable.^ 

A groat deal of vanadium is produced from the carnotitp ores of 
Colorado, the treatment of which has already been referred to in 
the section oncadium (page 160). It tvas stated there that most 
of tho vanadium ts separated as iron vanadatd; whigh salt can bo 
used for the manuffw^ture of fcrro*Yanadium.’ 

Experiments to investigate the possibilities of working the 
vanadate ores of tho Arizona orc-field«woro underaken a few years 
ago.^ 'Xhe vanadium can best be exljacted by’ leaching with 
sulphuric acid. Another mineral containing vanadium which has 
been worked from time to time is tho mica, roscoslito^; this occurs 
in Colorado.® 

Another potential source of vanadium is the slag from steoV 
works like those of Creuzot, in which pig-irj)n derived from vanadi- 
ferobs ores is converted to steel by the basic process. The basic 
slag produced at most stcel-w'orks consists largely of calcium 
phosphate, but at Creuzot,tho slag,contains a considerable quantity 
of calcium vanadate afso. 

Uses. Vanadium is nearly always added to steel as ferro- 
vanadium. The role of tho element is apparently not merely that 
of a remover of oxygen and nifrogon; it also seems \o have a 
specific Meet upon the metal, which will bo discussed in connection 
with the special steels (Vol. III). , ' ” , 

Vanaefium salts are useful catalysts, an(j have be,on employed as 
oxy^n-carriers m organk chemistry, for instance in the manufac¬ 
ture of ‘aniline black. Reconllj* ^ specially prepared form of 
vanadium oxide has baen advocated for uge in thV oxidation of 

sulphur dioxfdeAd sulphur trioxide, for the oxi(fetion of anthracene 

• » 

« • • * 

* R. J. Aliderson^ Trans. Amer. EUctroch&n, Soc. 37 (1920), 277. 

* B. D. Saklatwalla, Tra^iis. Amer. EleUrochem. Soc. 37 (1920), 341. 

l'U.S..Bur. Mine*, Bull lOHlSfi). 

t J. E. Conley, Met. Chem. fng. 20 (1919), 465, 61* 

‘ H. Manz, Mel. u. Erz. 10 (1913), 37fl. 
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to anthra^ninone and for mlny djiher teckiucauy important oxida- 
tionsA The employment of the reshmt^ior linoleate of vanadium 
as “ dners ” ^or 'oils has also been strol^ly dredbrnm^ded ; the 
vanadium salts are,said to ac^^uch mcco rapidly than thVeorj^e- 
sponding manganese or load sall^, and the film of dried oil produced i 

is said to be exceptionally smooth and free from Mirinkling.® 

• 

* J. Soc. Chem. Ind, 40 (1921), SOfci. 

* F. H. Rhodes and K. S. Chou, J. Ind. Eng. (.'hem. 14 (1922), 242. 
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NIOBITf'M 

Atomic weight 93-1 

Niobium (which is also kno»Ti as columbium) shows a general 
resemblance to vanadium, and an analogy exiijts between many of 
the compoun<Js of the two metals ; but the oxides of niobium have 
only Very feebly-developed basic properties, and the sduble salts 
are almost unknown in the solid state. 

The Metal > 

Niobium is a, white lustrous metal; iike vanadium, it is hard, 
and it has an even higher melting-point (1,950° C.). It is less 
brittle than vanadium, but not so vductile as tantalum. 

Niobium has less tendency towards oxidation than vanadium; 
it keeps its lustre extraordinarily well when exposed to air at 
ordinary temperatures, and is only slowly attfwked even when 
heated ; a yellow oxide skin is first formed, and at higher tempera¬ 
tures the skin becomes thicker and has a blue tint, the colour being 
in each case due to interferenoe. When niobium is heated in 
nitrogen at 1,200° C. it forms a nitride. The metal is unattached 
both by hot hydrochloric acid, by nitric acid, and even by aqua 
regiah It is attacked by hydrofluoric acid, the action being hastened 
by contact with platinum. Niobium is dissolved by fused caustic 
alkalis. The apparent “ nobility ” of niobium, like that of tan¬ 
talum, is evidently duo to a protective film. An anodically 
polarized niobium electrode shows “ valvc-action.” When an 
electrolytic cell fitted with niobium anode is filled with a 0-1 per 
cent, solution of ammonium phosphate, 530 volts must ':e applied 
before the current breaks through the anodic film. When the 
niobipm is made the cathode, a ver}- small E,M,.F. suffices to send 
current tiirough the cell.* i,.. 

Laboratory Frepara^ion. Niobium is mutn more easily 
reduced to the metallic state thanwanadiura. It can be obtained 
by passing hydrogen mixed with the vapour of tho'psntachloride 
(NbCls) through.'a red-hot tube. It can be produced from the 
oxides by reduction with carbon or with aluminium ; but the 
proddet generally contains small amounts of carbon in the one case 

* W. Muthmaim, L. ’.''eiss end B. Rredelbauch, Lieb, Ann. 355 (1907), 68; 
W. v<»i Bolton, Zeitech. Elektrochetn- 13 (1907), 146. 

* G. Sohulee, Ann.'’Phy3. 25 (1908), 776. 
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and of a]pminium in the-ofter. • The almninium.cafl be expeUed 
by heating strongly fti an eleAric vacuwmWnace, but such a furnace 
is not often %vailalble in an ordinary labo^toi^. • A mjire suitable 
reducing agent is, ^s in the c^^e of vana^uni, mischmetall; *wlj^ 
a mixture of powdered mischiyotall and niobic o5ide is heated, 
a violent action takes place and very moderately pip-e niobium is 
produced. 

Compounds 

Three oxides of niobium are known, NbaOs, NbiJj and NbO. 
The first tfro appear to possess weakly basic projjcrties, although no 
salts of oxy-acids have been obtained in a solid state. • The highest 
oxide (l^bjOs), from which all the more stable mobium compounds 
are derived, has a well developed acidic charaefer. Certain 
derivatives of a yet higher oxide (NbAl?), itself* unknown, can 
be obtained. ^ No ofiido corre.sponding to vanadious oxidb (VjOa) 
has been prepared, but another intermediate oxide (NbjOj) has 
been described, although its existence cannot be looked upon as 
certain. 

A. Compounds Sf Pentdvalent Niobium (Niobic Compounds). 

The pentoxidg, Nb^Oc, is formed when the metal or the lower 
oxides are ignited in air; it is a white infusible substance. The 
hydrated oxide (niobic add) is obtained* when the solution of a 
niobato i§ precipitated by sitlphmic acid, and comes down as a 
l oluminous precipitato which cannot be freed from adsorbed‘sul¬ 
phate by washing; it readily passes into colloidal solution when 
washed with pure water, and j^netratqfi through the filter-paper. 
The acid yields anhydrous niobic oxido oif ignition., Niobic acid 
and even the anhydrous oxido (provided the ignition has not been 
too strong) cbssolve in concentrated sulphuric acid. The solution 
may contain a sulphate, tut i^ itris diluted and boiled, hydrolysis 
occurs, and the whole of the niobium is precipitated as niobic acid. 
Niobic acid is scmc£ly dissolv«d by hydrochl,dric acid, but after 
digestion with* the aciiif'a rdsidue is obtained w’hieh^ filthough 
insoluble in hydlOfchloricficid, yields a coUijidal solution with water. 
Traces of niobium salts in the rjjsWue act no* doubt as peptizing 
agents. The jjeUoidal solutioA ij precipitated ■» by traces of aseids 
and by many neutral slits. The behliviour is, of rnuroe, analogous, 
to that of vanadium oxide. 

Niobic oxide dissolves quit^ •readUy in hydrofluoric acid. And 
from this solution, as in the c^e of vanadium, it is pcssible to oJ>tain 
3rystalline double salts. For instance, l3y aaSing potassium* or 
ammonium fluorieje to the solution, dduble basic fluorides, such 
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as NbOF,.2kF. and klOF,.2NH4F,| are*deposited in ,colourless 
crystals. / • * ' ' 

A few insoluble niobjo salts can be obtained‘by .precipitation. 
V^hcR potassium ferrocyaride is ac^d to the golution of a niobic 
salt (e.g. a solution oi potassium nipbate acidified with hydrochloric 
acid), a redjbrown precipitate is produced. Under fee same 
conditions, pcruassiuih ferricyanidc <?%uses a bright yellow precipitate. 

I^iobic oxide is soluble in caustic potash solution, potassium 
niobate bein^ no doubt formed. In order to«obtain the niobates 
in a solid state, however, it is best to fuse niobic oxide with the 
carbonate of sodium or potassium, and then to recryftallizo the 
product from water. A very large number of so-called niobates 
have been described, but many of them are probably ipixtures, 
mixed crystals or adsorption compounds. It is stated that when 
a mixtuW) of Kiobic oxide with two tiJ three parts of potassium 
carbonate is heatfed to fusion and then extracted w^th water, the 
solution on evaporation yields (»lourle.ss monoclinic prisms of 
the composition 4K.0.3Nbj05.16H.40. If the same solution is 
evaporated with potassium hydroxide, pyramids of the salt 
SKjO.^lJbjOe.lSHjO are obtained. 

B. Compounds of Tetravalent Niobium (Hyponiobic Com¬ 

pounds). _ , 

When niobic oxide (Nb.Ot) is strongly heated in hydrogen, it is 
redveed to hyponiobic oxide, NbOj, which is a bluish-black sub¬ 
stance. Possibly owing to the high temperature needed for its 
production! it is not perceptibly dissolved in acids. Salts corre¬ 
sponding to this ojdde, hdwever, Ire probably presenh in the blue 
solution obtiftned by reducing a solution of niobic chloride (i.o. a 
solution of ^ niobate acidjfied with hydi’ochloric acid) with zinc ; 
the reduction can also bo brought about dcctrolytically, a platinum 
cathode being conveniently employed, if it is desired fo stop the 
reduction at the tetravalent state. »It will be remembered that the 
cor/esponding vanadium compoun4s a’so sh6W a .blue colour in 
solution.* 

4 > 

C. .Compounds of ;Trivalent Niobium (Niobous pompounds).' 
^ Further ekclyel^io^ reductfon with the use, of a lead-amalgam 
cathode gives a brown-bkok liquid having very strong reducing 
projjerties ;*it yields a browftish precipitate with ammonia, which 
may contain Nk(OH) 3 , although this ppint appears to be undecided. 

. * » .0 » 

^,4. St&hIer,Ber. 47 (1914), 8|1. See also F. Elektrochem, 18 

(1912), 349. These* two authorities diSei; somewhat in their statements. 
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D. Compounds of Dlvaljtit'Snoblurr^ fHypopioiious Com¬ 

pounds). 

Hyponiobous oxide, JNbU, is obtained 'fhorfpdtassiivn ipybium 
basic fluoride ^NbCiF3.2KF) k'^ieated vith stjdium inagneSiuj^ 
It is stated to be white whcii p'\ 7 e,‘'’although, as usually produced, 
it has a‘dark colour. No salts corresponding to this oxide are 
known; when the oxide is disssive^ in acid.s, hydrogln is evoli^d 
and the i ■ Its of the higher oxides are produced. 

I 

E. Highly Oxidized Compounds of Niobium. 

* 

As in the case of vanadium, a series of yellow pcr-salts are known. 
When a solution of potassium niobato is treated wilh hydrogen 
peroxide^ a yellow coloration is produced, itnd ty th(» addition of 
alcohol, potassium perniobate can bo precipitated. By the action 
of sulphuric acid on the poIa.s.sium salt, perniobio acid,’HNb( 54 .JiH 20 , 
may bo prod^icod S.s a yellow colloidal solution, which can be 
purified by dialysis. On ov.ap«rf,rion, a preefintato comes down, 
which, wlien dried over sulphuric acid, yields a yellow amorphous 
powder.- 

F. Miscellaneous Compounds. 

Chlorideshif Niobium. As has been stated, it is impossible to 
obtain the chlorides of niobium from jtqucous .solutions. Two 
chlorides, however, can be oljtaimxl in a dry way. The penta- 
I hloride,’ NbCIs, !.-• forihed when a current of dry chlorine gas is 
passed over a mixture of niobic oxide and excess of carbon heated 
in a hard-glass tube. It is a yellow sulistaime, crystallizing in 
needles, and*melts at 194° C., but is volat*le»it a lower temperature. 
If les.s carbon is used for tbo preparation, the colourloss oxy¬ 
chloride, NbOCls, is obtained in addition to the pei»taohlorido ; 
the separation of the twoliodies ij brought about by distillation in 
hydi'ogcn, the oxychloride being the le.s.s volatile of the two. When 
either compound is trciited witlf waf (U’, hydrolyi*is occurs almos^ at 
once, niobic aoid Ikung i'y:eipaf:ated ; but in •Che presence^ of free 
hydrochloric aeW the solution is more .stable. The vaflc^pr of the 
pentachloride has a normal density, eorres))on<ling to the^formula 
NbClj at moderate temperatuats * but, if passes) through a red-hot 
tube, it parfiS.lly dectimposes, 8op*.siting* tlnf pjn-volatile tri¬ 
chloride, NbCla, in grey flakes of metaHje appearance .on the sides 
of the tube. 

‘ H. E. Bosooe and C. Sohorleiiiner,4‘jrreatis8 on Cheraisfry " (Maomillaa), 
Vol. II. , * I 

* P. Helikofi aiitl L. Pissarjowsky, ZeitscJH Anorg. C.,em. 20 (1809), 340. 

M.O.—VOL. n. * tL 
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'V ' r ' ^ ® 

Niobium A, blackish.nitrfjie i| iormed when the metal 

is heated in a current (?'! ritrogenAl The osychloride "^NbOClj) 
reacts with amfiaoiya, tind, when heated strohgly, the .product 
eq.olv^s'ammonium chlorit^e, and lea/es a black nitride as residue.^ 
In the present state 'of our knowleige, it is probably best not to 
try and assign formulae to these products. 

Analytical 

The solutkn of a niobate treated with potassium ferrocyanide in 
the presence of acid gives a reddish-brown precipitate; if treated 
with tannic acid a precipitate of a reddish chocolate colour appears. 
Acidified solutions of a niobate become blue when treated with zinc, 
and yellow when treated with hydrogen peroxide, but several other 
metals (including vanadium) behave in the same way.’ 

In thq scimratipn from other metals advantage is taken of the 
feebly basic character of niobium. If all thfe metds (including 
niobium) in a mixture are prcscnl as oxides, the mixture can be 
fused with sodium bisulphate; most of the metals are converted 
to soluble .salts, and can be leached out by the action of water or 
dilute hj’drochloric acid. On boiling, tb,^ hydroxides of niobium, 
tantalum, tin, tungsten, and certain other metals are precipitated, 
owing to hydrolysis ; but of the.se tin and tungsten^can-bc converted 
to soluble complex sulphides by fusion with sulphur and sodium 
carbonate, and can be separated by lixiviation. Some niobium and 
tantalum remain in the insoluble residur, with small quantities 
of certain oxides like iron, which do not readily pass into the form 
of soluble Sulphates ; to remove these it may bo necessary to repeat 
the fusion with sodihin J)isuli)hate,’or to boU the residua with dilute 
sulphuric acid, before the whole of the iron, etc., is removed ; 
niobium and tantalum are undissolved by the dilute acid. 

Similar methods may be applied to the analysis of minerals con¬ 
taining niobium and tantalum, whcch may bo “ opened up ” by 
fusion of the finely powdered matesial with sodium bisulphate. It 
has-been found that, if the melt is^ extracted'With .tartaric acid— 
which scfv. s to rcistrain the hydrolysis—-Tue whqlp of the niobium 
and tantalum can be brought into solution ; in this w.ay, the separa- 
tiop. of these metals from silica eauj be attained. The separation 
from zirconia presents a difficult problem, but it has been found that 
if the mixedf oxides of zirconium, niobium anef tantalum are fused 

A 

i''W. Mutfipiaun, L. Weiss, R! Riedql»auch, Lieh. Ann. 355 (1907), 94. 

* H. E. Roscoo and C. Schorlemmer, “Treatise on Chemistry” (Mac* 
millat), Vol. IT. ‘ 

Numerous otheC'oests are given by J. Moir, J. Cham. Met. Mh:. Soc. S. 
AJneay 16 (191C), 189. 
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with potassium carbonate, ai d Tepclicd with* hot wjteil most of the 
niobium Sad tantalum pass ii,to soluticjn ’^hilst the zirconia itcmains 
undissolyed; but ’it is necessary to ropiM' the fusion—generally 
twice—before? the whole of th# tantalum #5 rendered sftluM#^* 

The separation of niobium aid tantafiim from one another i4 a 
difficult matter ; the processes usually described in the textbooks 
(e.g. that depending on the diiferenee of soliUiility if the double 
potassium fluorides) are tetUous’*aii(4 require cx]X'rionce before c»on 
moderately good results can be obtained. I’roliably the quickest 
method of determining tlie relative proportions of two metals 
in the miijid oxides is to take the specific gravity of the mixture 
after ignition over a blast lamp in a platinum crucibl^ for an hour 
(after this period the specific gravity has bcconie quite constant). 
The rcsillt obtained is referred to a ciirvi; or table,^showing the 
relation between the specific gravity and composition of yiixtures. 
Since the density of jnire tantalum oxide (H-Tlb) is nearly twice 
that of pure hiobium oxide {4'5j')2), this method, carried out with 
care, yields fairly accurate reirults. 

Recently a method of analytiiail sejiaration has been described 
depending on tjio fact that when the ignited oxides of niobkim and 
tantalum are boiihd with a mixture of selenium oxyohlolide and 
sulphuru; acid, the whole of tlu^ niobium can finally bo brought into 
solution, wtiH.4 fantalum oxide remains undissolved.'* 

• • 

^ Tkrrestbial Ocourrknce a.ud Technology 

.Since niobium occurs along with tantalum in nature, the "dis¬ 
cussion of its geochemistry can bo diderred until the •section on 
tantalum. ^Excxqit in so far as it may l*c a canstituont of impure 
.tantalum, niobium has little indusfri.al importance A certain 
quantity of the mineral columbih^ has been mined and marketed in 
America, but mainly for experimental |)urposes.^ * 
c< • 

* W. R. .Sehoellor ami A. R. Powell. Trans. Chrm. Soc. 119 (19111), 1927. 
Comparo E. S. 8inii)son, Chrm. Ncu^^ 99 (1909). 249. - 

® (liven by H. W. and H. VV. f-angloy, Amer. J^tSei. 30 (1910), 393^401. 

* H. B. Merriji, J. Amerr 'l-'nem. ISoc. 43 (1921), 2378. 

‘ F. L. Hess, Oeol. tiuro., Min. lies. (1918), I, 802. 
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TANTALUM 

# 

A<^omic weiglit 181’5 

The Me^al i 

' '' f '■ 

Tantalum is, like niobium, a lustrous metal, melting at an ex¬ 
ceedingly high temixiraturo (between 2,250° •and 2,300° C.), far 
above the melting-points of iron and platinum. In colour, tan¬ 
talum IS rather whiter than niobium ; it is a heavy tfietal, the 
specific gravity being 16-6. The metal crystallizes in the cubic 
system, the atoms being arrayed on a centred cube .spacc-lllttice.- 
Pure tantalum is very ductile and malleable, and tantalum wire 
is extrenydy strong. The pure, gas-free metal can be rendered 
extremely hard by mechanical work without, becoming brittle. 
Tantalum containing hydrogen, nitrogen, or carbon, however, is 
apt to be distinctly brittle. 

When heated in iiir, tantalum oxidizes superficially becoming, 
like mosfc.metals, first yellow and then blue ; but, to-a large extent, 
the oxide-film protects the metal from further oxidation. In the 
fine state of division, however, tantalum is rapidly^ burnt to oxide. 
Tantalum is dissolved by hydrofluoric acid, especially when placed 
in contact with platinum'or carbon, materials which can function 
as the cathodic element of the corrosion couple. None of the other 
acid^, however, attack tantalum ; this is no doubt connected with 
the fact th^t the oxide of tantalum has very weak basic properties, 
and is practically nndisso.lved by, any acids other than hydro¬ 
fluoric. Thus., in effectl tantalum behaves as though It were one 
of the most noble of metals, and is frequently described as being 
similar in chemical behaviour to platinum. 

A tantalum electrode immersed in the solution of any< salt other 
than a fluoride shows valve-action, similar to that displayed by 
niobqim and alumitflum.^ Anodicafy polarized tantalum becomes 
covered \yith a bluish film of oxide, *out\l<> true .seat.of the valve- 
actiop is pcd*bably the layer of oxygen gas bhich is produced w'thin 
the pores, of the oxide film. The gas layer allows electrons to pass 
from metal to solution, but not in the'opposite direction. In a very 
(^lute solution qf‘lo'dium carbonate, an E.M.F.,pf a^«ut 660 volts 
must be applied to an electrolytic cell fitted with a tantalum anode, 
befole any Considerable current cad' be forced through. 

j * A.'Siemens, Cuem. Nva~, 1(V) (1909), 223. 

'r ° a A. W-. «ull, nys. Rev. 17 (1921), 571. 

' a G. Sohulze, Ann.'Phya, 23 (1907), 226. ' 
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In fluBride solutipns, v4ve-a«tion i^ practically absent- Con¬ 
sequently, attempts have teen maSo v'p measure the electrode 
potential of‘tantalum in fluoride solutions. * The vaiuo‘depenj^s 
greatly on flie previous tfcj-tmcnt df thp met»l, cathocli^iy^ 
polarized tantalum .(containing hydrogen) having a comparatively 
low potential, whilst aiiodicaljy polarized (“passiyo”) tantalum 
has a value abnormally high ({fcsitivc). The value the Vioteutial 
at the electrode 

I 0-006 Mol. 

I TaF. 

has been measured and found to be 

-b 0-105 volts,', 

when tantalum is in the most iictive condition obtainable. It 
seems, however, unlikely that this repre-sents the true equilibrium 
conditions of the Bhange .. 

. Ta Ta. + 5e 

since, if that were the ca.so,* tantalum should be as easy to deposit 
from aqueous‘sojution as tin. It is probable, thercforc,fhat tan¬ 
talum is covered with a ])a.rtially ])rotective him even in fluoride 
solutions, apd ?s thus never met with in the com])letely active 
condition. Another difficulty confronting those who would en¬ 
deavour to assign a place for tantalum in the Potential Series is 
the fact.that we do not know the ion-concentration of a tantalum 
fluoride solution. * 

Laboratory Preparation. Tantalum can be obta.ified from its 
compounds in various ways. Reduction gf the oxide with carbon 
yields a product containing carbon, whilst reductioi# of one of the 
compounds (e.g. a comjtlex fluorkkd with ]>otas.siumj-arely yields 
the metal in a pure sta 4 / 0 . The product becomes purer if heated 
in vacuo at a very high tcrapefature as many of the impurities 
volatilize away. A suitable n»ethod for obtaining pure tantalum, 
baaed upon the reduction .of ^le pentoxide jvith mischmetalT, has 
been described, and is^genorally similar to the method* used for 
vanadium and niobium ; but the reactioTi is slower, anct the'metal 
obtained is often less thorouMilj* fused, and is*apt to be ntixed with 
oxide-^^ Pur»’tan{alupi can be maeje, howevet, by the electrolysis 
of fused potassiuih tantahfluoride (K,TaB,), fife product being 
subsequently heated olectriccjly in yafflito to volatilize any tjaces 
of oxide that may be present.’ 

' G. von Hevesy and R. E. Slade, Zeitach. SlektroiMtm. 18 (ft)12), 1001. 

• W. Muthmann,*L. Weiss ancLB. Rieddbaach, Lieb.^nn. 355 (1901^, 66. 

• W. von Bolton, ZeUech. Anfew. Chem. 19 (1906), 1837. 
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^ C^mpouncjs 

As in the case of jiiobitim, all the stable coinpoundp of tantalum 

S re^^.ond to the pento^xide, TaJOs. Its basic ^qualities are, 

/ever, even'more fsebly developed' than thos*o of niobium pent- 
oxide and vanadium pentoxide. 'There,is lower oxide, TaOj, 
but few derivatives are known. TI^o oxide, TaO, corresponding to 
NbO, has not teen prepared, although a chloride, TaClj, is known. 
Derivatives of a higher state of oxidation th,an TajOs have been 

isolated. " 

t 

A. Compounds of Pentavalent Tantalum. 

The pentoxide, TajOs, is obtained when the metal or the lower 
oxide is heatt d in oxygon ; it is a white infusible powdeA. The 
hydrate,,known as tantalic acid, HTaOj, is formed when the 
chloride ITaCb,^ iq hydrolysed by the addition of water, and is a 
gelatinous precipitate. When fryshly precipitated' it dissolves 
easily enough in hydrofluoric acid,'but like other gelatinous hy¬ 
droxides it tends to “ ago ” and lose its reactivity. The solution in 
hydrofluoric acid contains tantalum fluoride (TqFj), but it is 
not very 'easy to isolate this salt from the kolutioiT; by evaporation 
in vacuo it is possible to obtain it in colourless crystals, mixed with 
a basic fluoride. When, however, alkali-metal flubrid^s arc added 
to the solution, complex fluorides can bo easily obtained by crystal¬ 
lization. By the addition of potassium fluoride to a hot solution 
of tsntaluin oxide in hydrofluoric acid, fer instance, potassium 
tantalifluoride ( 2 KF.TaF 5 or K.,jTaF 7 ) separates in needle-shaped 
crystals, ft is somewhat sparingly soluble in cold water, but 
dissolves much more rc*dity in hot water; it appears to ionize as 
a complex salt, K 2 [TaF 7 ]. Many other tantalifluorides arc known. 

The insoli'blc fen'oeyanijie of tantalum is obtained by treating 
a tantalatc solution with potassijim ferrocyanide, and ^ a yellow 
precipitajfc. ‘ 

The acidic character of tantaluiTj pentoxitic is less feeble than 
the Casio character. *<Tantalic acid ie sok’ble in*Solutions of caustic 
alkalis, tf^iAalatys being formed ; the same subst/nces arc pro¬ 
duced when the anljydrous oxqde iu treated with a fused alkali. 
The, qoluCle tantalates obtained b;^ tl^p crystalliijation of a solution 
of tantalic oxide jn- alkaline h^fdrbxido havs such cdiripositions as 
Na8TaeOi8.25H26 and- K^TaeOiB-lGHjO ; they are colourless 
compounds.* From their solutions iticoluble tantalates of analogous 
compopition, 'such as ipagnesium tantalate, MgjTasOi,, are obtained. 

• ^ c e 

B. ,'Compounds'’6lt Tet'ravalent Tantalum. , 

. _i —i_ al._2- 
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heated with magnesiiyii. !^t grey wibstance, ifnattacked by 
acids. No salts .are kno>l^, but the? corresponding sillphide, 
TaSj, is obtained by heating the pentoxiijo in»h)airogeji g^s loaded 
with the vapour of carbon di,sulphide. • The sulphUlo is a *gce^t 
yellowish substance, undissolv^l Uy. hydrochloric a^id. ^ 

C. Highly Oxidized Compeunds of Tantalum^ 

When a potassium tantalate siSution is treated with liydrsgen 
peroxide and then with alcohol, a white precipitate of potasliutn. 
pertantalate, 2K3Ta08.H20, is thrown down. By*the action of 
dilute sulphuric acid tipon the potassium salt, pertantafic acid, 
which^ has the formula HTaO., is obtained; this is also a white 
suKstaYcc.. 

I). Miscellaneous Compounds. 

Chlorides of Tantalum. The, pentachlqri^e of'tantalum, 
TaCh, is formed in exactly the came way as that of niobium, namely 
by passing chlorine over a hbated mixture of tantalum pentoxide 
and carbon. It closely rcsjpmblcs the niobium compound, forming 
pale yellow ctystalline n.xjdles, which melt at 211° C., and»aro quite 
volatile below that temperature. It is at once hydrolysed by water, 
tantalic acid being produced. 

When heated with aluminium in the presence of aluminium 
‘chloride, the pentachloride suffers reduotion to a mixture of lower 
chlorides. If the product is heated at 350-400° C., so as to drive 
off the aluminicm chloride, the residue consists mainly sf the 
trichloride, TaClj, which is green, and dissolves in water, yielding 
deep green solution. If the heating is conducted at it higher tem¬ 
perature *(510° C.) tantalum pentachlftriilis is driven off, and the 
residue consists of a mixture of the trichloride anft a black-green 
dlchloride, TaCl^, which is insoluble jn water.- „ 

Nitrites and “ Hydrides.”* Like niobium chloride, tantalum 
chloride absorbs ammonia, and, if the product is heated gently in 
ammonia gas, g,,yeilow nitrile is obtained, Stated to possgss tho 
formula If, .howevcT, the berating ift conducted {(.t a higher 

temperature, a block illtridc containing ^ess nitregen (psssibjy TaN) 
is obtained.^ Like most nitrj^eH, it has a* metallic lustre, and in 
this case thypseado-metaUift character is further emphasized by the 
fact that it is a ^odd conductor hi electricity. , Tantalum heated 
in "nitrogen also takes up the gas, fospiing a black nitride.* fhe 

• • * 0 

* P. Melikoff and L. PissarjewSsy, Zeitsch. Anorg, C7Aew.*20 (1899), 344. 

* O. RufI and F. Thomas, Ber, j^(l922)p 146^. • • 

* H. E. Roscoo and C. Schorlemmer, “^Treatir^i^n Chemistrj^’’ (Mao- 

millan). Vol. II. • ^ ‘ 

* W. Muthmann, L. Weiss and E. RieSelbauoh, Liib. Ann. 355 (1907), 94. 
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formulae given must be aecepted ^thjcautipn ; the work requires 
to bo ifevised in the lighlf of* recent research ori, the combination, 
dissolution {(.nd afisorptiqt of gases 1^ other metals, notably palla- 
(n^m.o ( ■ • • 

• Even greatef cautton should If/j observed whilst considering 
statements regarding the existence of hydrides of tantaluifi. Tan¬ 
talum tf^kes ifp large* quantities^of T'ydrogen when exposed to the 
gasj but the amount absorbed varies continuously both with tem- 
peralure and pressure.* At constant temperature, the quantity 
of hydrogen Jaken up by tantalum is proportional to the square 
root of the pressure. This would seem to indicate that the'hydrogen 
enters the tantalum as single atoms, not as molecules; ^ there 
is no conclusive cvidenQO of the existence of any definite Ijydride. 
The general cliaracter of the absorption is similar to that displayed 
by palladium. i.4 tantalum cathode employed in an acid solution 
also takes'up hydrc%en, the metal becoming brittb and,the potential 
being altered in the negative direction. ^ 

Analytical* 

An acidified solution of a tantalate gites a /e"ow precipitate 
with potassium ferrocyanide, and also a yellow precipitate with 
tannic acid. No blue coloration is produced by the action of zinc, 
and no yellow coloration by the addition of hydrogen peroxide ; in* 
this way, tantalum can be distinguished from niobium. 

Thf separation of tantalum and niobium from other 'metals, 
and the estimiation of the two metals in a mixture, was discussed 
in the scctioh of niobium (p. 290). 

TEEUESTbIaL OCC0RRENCE OF NlOBIUM AND TaNTALUM 

Niobium ffM tantalum fcro found together in nature almost 
always as mixed crystals of niobtdeg and tantalates ; ‘since the 
salts are ieomorphous, the atoms of the two metals may bo present 
in variable proportidps ; they clearly f^l fno Rame role in the 
crystal-arvjiiljecture. Iho elements, unlilJc'-vanadiuVi, have for 
the moot pefrt, become conaentrated in the amdic portions of igneous 
rocks, and are found ^principally qi, or close to, pegmatites. It 
seomi ‘likely that the' compounds pf fantalum dnd ttiobium may 
actually have beer »givep off bj^the igneous mass in the vaporous 
condition ; for columbite isoommonl;^ found associated with com- 
' pounds of tin and lithium, met&ls which are known to have arrived 
at theiy present aondifion by pneppiatqlytic agency. The impure 

^ 1 A. SievOTts and E. Borgner, Ber. 44 (1911),*2394. 

* G. Oestferheld, Zeiisch. Bkktroiihem. 19 (1913), 586. 
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niobate-tantalate of irqu, uSliall;f^ contaiii^ng manganBse and other 
metals, is known* as * 

(?olumbite . F 5 (fft) 03 )j 

or • • . 

Tantalit? . FcfTaOala, 

according as niobium or tantalum predominates. Most specimens, 
however, contain both elements, find, since manganese often’re- 
places the iron, the general formula may be wTitten 

^ (Pe,Mn) ((Nb,Ta) 03 ) 2 . 

Gigantic masses of columbite are found in the tin-ore§ of the Black 
Hills, •South Dakota, along with equally hqgc crystals of the 
lithium’mineral, spodumcno. Columbite and tantaltte crystallize 
in the rhombic system. 

Many of the ores of the rare-earth metals \%liich ha^*! already 
been described are also niobntos and tantajates. For instance, 
samarskite is % niobfite-tantalatc of cerium, yttrium and other 
rare metals, as well as of ijon and calcium, whilst euxenite is a 
niobate-titanate of ceriuiii, yttrium, erbium and other rare metals, 
and is often cornI)arativ<tly free frr)m tantalum. * 

** Ticoiinoi.ooy and U.sks of Tantalum 

When electric lamps with metallic lilamcnts w'ere first introduced, 
two metals were considered suitable, namely tungsten and tan- 
to.lum. The former would wilhstaml a higher temperature without 
melting or volatilizing, and seemed, therefore, likely to,provo more 
efficient; Ipit tantalum had th» great ndvantago of being ductile, 
and therefore capable of being drawn out into wire, Inj direct means. 
Consequently, a considerable tantalum industry sprang up, especi¬ 
ally in Germany, 1 the principal source fti the metal Rfung Scandi¬ 
navian tafttalite ; tantalitc i,g siq^crior to other tantalum minerals 
as it is often nearly free from ^niobium. The manufactui'e of tan¬ 
talum was aftorwafdft eonjiuottid in this couefry.^ Howeve», the 
discovery of process-ol remlcring tung.sten ductile Jiaf* nullified 
the'special aclvantagc of tantalum as a»materi!fl for cibctric fila¬ 
ments. ■ 

No doubt.:J!)r tills reason,’cfTprts have J^ceh made by th(M in¬ 
terested in the tantalum industry tt) find ijew* Uses for the metqj, 
and 'it has become of great service fosMua.ny purposes for which 
the more precious material, platinum, was at one time thought 

necessary. For dental inf^runjepts, tantallim ie said tA have 

• 

^ W. von iiolton, Zcilsch. Angp.iv. Chem. 19 (1906), 1537. 

* S. J. Johnstone, J. S<{c. Chem. Ind. 35 (1916), 812. 
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proved, very satisfactory being* hard, uncorrodiblc afid easily 
sterilized.* Weights made *of tantalum (instead of platinum- 
mdiuipl have received che official approval of the'International 
Atomic WeighJ Committoi? for scieijtific use, and may be regarded, 
* therefore, as entirely'reliable.^ * Ifc has also been proposed to use 
tantalum as an electrode material^J* but It appears to be scarcely 
adq.pted<for tfiis purpose. As rvi a<.odo material, it is admitted by 
all to be unsuited, on account of valvc-action ; even when employed 
as a cathoda, it is liable to become brittle,* through taking up 
hydrogen, if the current density becomes unduly high. 

Little information is available regarding the method now used 
in working up the ores of tantalum. It is understood that the 
mineral is gfound 'andf fused with potassium bisulphate »and the 
product leached with water. The tantalum o.’dde. which either 
remains 'tmdisifolved or is repreeipitated on boiling, is purified 
somewhat by boiling with hydrochloric acid, wliich dissolves away 
moat of the metals Vith strongly liasic properties. The tantalum 
oxide is then dis.solved in hot hydrofluoric. ..cill, and potassium 
fluoride.is added ; the solution depositk khc rather sparingly soluble 
salt, potwssium tantalifluoride (KjTat^li By fractional crystal¬ 
lization, this salt can he purified. When sufficiently pure, it is 
fused and electrolysed—or treated with potassium-* tevgive metallic 
tantalum. The metal is ^ifterwards heated in vacuo, so as to expijl 
the last trace of impurities ; this gives a ductile product. The 
tantplum obtained by reduction of the oxij/e with carbon- contains 
carbide, and is less satisfactorj'. 

The eleefrical refining of crude tantalum is perfectly possible, 
if a bath of fused .potassj(um tantalhluoride is employed.« The crude 
metal is usedanode ; tantalum passes into the bath at the anode, 
and the pure metal is deposited on the cathode.'* 

In iwldition to the uses referred to above, tantalum has been 
employed as a constituent of cerlais special steels. ' 

t 

»' ‘ E. Cahen, Viscoven/, 1 (1920)^ 143. ^ ^ 

a See Nature, %7 (I9U)» 261. • * . 

Bruiick, Chem. Zeit. 36 (1912), ; 38 666. 

* * *Met.^Chem. Eng. (1910), 160. ' 



GROUP VIA 

Atomic W<»ight. 

Chrontiiini . . *. * 52 

MolylHlrmini . . !)()•() 

Tuiiftsteii .... 184»(l 
L5'iu>iniii .... 2:58-2 

• 

The metals of (4n;..p VIa diffia- from those of Group Va in being 
far less malleable ; like I4ie nudals of tlu^ previous group,.they are 
e.xtremely iiifu.sible, tui^sten having a higher melting-jtoint than 
any ottuir metal. 

All th(^ (h-imhits of the group have a maximum valency of six, 
•and form stable oxides of the type MOj; Jmt there are also, in every 
case, stable (tompounds corresponding to lower valencies. As 
usual, the higher oxiihi tends to have an acidic character, ai],d the 
lower oxide.s a comparatively basic character. A certain analogy 
exists between tlu! metals of Group VIa and the*elemcnt.s of 
Group V>B (sulphur, seleniunt and It-llyridtn). The chromates, 
for instance, have formula! analogous to the sul|?hates, and are 
often isomorphous with them ; there is a conncctioij^ between the 
solubilities of the two olasses of salts. 

As in most cases of elements of variable valericy, the compounds 
are often coloured, and the colour is more pror^ounced in chromium 
than in the tleiflShts of !»ight!r atomic weight; this is inteTesting 
in view of tlT* fact that,chromium falls in the PeriodictTahle by the 
side*of vanadium, which sho.us such a refnarkabfc range of coloured 
compounds. ^ * 

The metilfei differ from rno.s* oi^ino jjrev.'vus group in eiecrro- 
chemical properties ; an electrode compo.sed of 1i metal of GrcAip 
VIa does not, as a rule, sl^iw valyo'Action, but easily befomes, 
passive. Substances which Have a solven^ action on the oxides 
tend to restore activity. 4t i:» difficull to ag s i g ft a c|iara*teri8tic 
electrode potential to any of the metijls, tiecausethe values obtained 
depend on the previous history of the electrode. This is shown 
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by the table belbw,^ wh^h indic^t^ how widely the vahae of the 
potential towards a norirfal 'solution potassium chloride varies 
after ^ffer^t kftids of ,Veatment it should be adMed that the 
values refer to sampl^ of inetal whjpli are not aJisolutcly pure. In 

* thecase of chromium,'the valuo'giv^m for the freshly-ground surface 
probably shows the approximate^ positibn of the metal in the 
Potential Series, and the more ijegiiivo value obtained by cathodic 
treatment is due to hydrogen. In the case of the other metals, 
'however, this^ is not necessarily true. ' 


• 

Rendered active 

(by cathodlo 
treatment In 
« ooolod Alkaline 

Fresh Surface 

(gromid with 
emery). 

« 

Rendered passive 

(by Immer^on in 
chromic acid). 

• 

b^lution). 

• 

Chromiufli •. 

• 

— O'GS volts 

■- 0-4;t volts 

« 

1-19 volts 

Molybdonuiri 

• 

— 0-74 volts 

— 0-31 volts .* 

i 0-66 volts 

•- 

Tungstert 

— 0-02 volts 

« 

— 0-2? volts • 

+ 0-88 volts 


It should be understood that these numbers do not repre.seut 
the normal electrode potentials of the metals in (pu^stiou, being 
obtained with an electrode immersed in potammn chloride .solutions. 
The Jesuits of the attempts which have been made by later workers 
to obtain tljo true “ normal electrode potentials ” of the elements 
of Group VIa are opcvi to mpre than one interpretation, and will not 
be considered,here. * 

^ From miiiii'ers frivon by W^Muthmaiin and F. Fniuiilicrger, Sitzun<jsber. 
Bayer. Akad. 34 (10(4), 2(H. ((.Converted to hydrogen scuie.) Compare also 
A. H. W. Aten, l*roc. Amst. Acad. 20 812. * 
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CHROMIUM » 

Atomic weight ^ 52-(/ 

Th<» Mptal 

In physical properties metallic chromium is not unlike the I^wcr 
elements of the last group, being a hard grey substance, assuming 
a metallic, lustre when polislied, and having a very high melting- 
point {between 1,520° and 1,530° C.)- It has a sj^cific'gravity 
of 6-93, similar to that of zinc. 'I’he hardness of chromium is 
greatly increased by the presence of smad <[uantiti»s of carbon. 

Compact chromium is not apj)rcciably affc'c.tcd by exposure 
to the atmosphere. It oxidizes only wluui heated’to a ycry high 
temperature.' As usual, the rgjparcTit stability of the compact 
metal in air is tc^be attributc'd mainly to the iiresenec of a closely 
adherent oxide-film",'' for chromium-atnalgain is readily oxidized 
by the atmosphere, and • tfie finely divided chromium abtained 
from the amalgaln Icy driving off the mercury takes Are spon¬ 
taneously when exposed to air. 

Chromiimt'dissolve's in dilute sulphuric or hydrochloric acid on 
Vanning, hydrogen being evolved, whilst blue chromous salts 
(CrCla or CrSOi) are formcnl in the solution. But it becomes 
passive wlien inunersed in concentratcid nitric acid. Even Jhoso 
reagents which have a solvent action upon chromium often show 
“ periodicity,” the chromium being insoluble one iftinuto, and 
soluble tht» next. Tins behaviour is cortmjonl5' met with in metals 
which tend to become passive. * 

The passivity of chromium, bowevyr, is best upderstood by 
studying yie behaviour •of a chromium anode.When chromium 
is made the ano<le of a cell containing hydrochloric acid, it^dissolves 
almost quantitativelv, passin<j| into the solution as chromous ions 
(Cr ") which giveTtr blue (.l)lo’*r to the solution round the 3hode. 
lyt is made’Vhe ano3e,in a sulphate or nitrate ^soluti»ii?'tho same 
sort of dissolution may occu*' (at, least for a timeif the Current 
density is Iot^. I{, however^ tlfe E.M.F. applied to the‘cell is in¬ 
creased, thS'chromhwn becomes ]^sive»an^ ceases to dissolve 
as a chromous salt*; accordingly the current dies*away. If finaMy 
the E.M.F. applied to the cell is incre8.sel^still further, the chrojpium 

> W. Hittorf, Zeitsch. Phys. Chem^:^ (ISm, 729; 30X1899), 48?,; C. Vf. 
Bennett and W. S. Burnham, Trana. Amer. Eifx:trochm^Soc. 2^ (1916'^ 252 ; 
A. H. W. Aten, PJbe. Ainat. Acad. 20 (19J8), 1119. 
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commences t(^ dissolve once more, not, however, as a blue chrbmous 
salt, but as yellow chrorjic acid,'(CrOi)). The formation of this 
endothermic, highly oxidized substance needs' a high anodic 
j^tentijil (at least + l-l i/olts). If (he solution contafiis an iodide, 
it i^ill be impossible to rcateh so poatlve a value, sin'oe iodine ions 
are discharged at aboih + 0-6 voltaf and consequently the addition 
of an iodide to the bath prevents the dissolution of chromium as 
yellow chromic acid. (For furtiieMdisoussion of “ passivity ” see 
Vol. ,1, Chapter XII). 

“■ Passive chrpmium exhibits a potential similar to that of platinum, 
although active chromium falls between zinc and cadmium in the 
Potential Scries. 

Laboratory Preparation. Chromium differs from most pf the 
mebils so far vjonsidered in being caj)able of electrolytic deposition 
from an aqueous solution. If a solution {)f chromic chloride, 
CrClo, containing 10 per cent, of chromium, is electrolysed at a 
fairly low cathodic current density, (0-0 amps. |K^r .sq. dm.), only 
an oxide of chromium is deposited on the cathodes But if the 
current density is raised to 9 anqjs. j)er sq. di/i. then the deposition 
of metal'ic chromium may begin, llic- high current density is 
needed to'ensure that the cathodic potential Is suftici(!ntly negative 
for the deposition of the metal. The deposition is, however, not 
efficient, and the metal obtained is usually far from ^)ure. At a 
high concentration of chromic chloride, the deposit contains* 
chromous chloride (CrClj), whereas at lower concentrations it is 
apt (o be contaminated with oxide.^ Chromium amalgam is, 
however, more readily produced, being formed whenever a chro¬ 
mium salt solution is electrolysed with a mercury cathode When 
this amalgam is distilled* atf IbW" C.* in hydrogen, chromium is left 
behind in a fiflely-dividcd form ; in fact, if distilled at a rather 
higher tcmpiijiiture, the resi^luo is pyrophoric.^ 

Electrolysis is not, however, the easiest method of ^obtaining 
metallic chromium. The oxide may* be reduced to the metallic 
state by heating wjjth carbon or \jith aluniinium, or with dry 
hydrogen under pressttre. In the lirat. cilise the jltoduct contains a 
great dcaf-oBcarbide, which has a considerable eifect*fn modifyipg 
the properties ()f the metal. R\‘duction with aluminium (“ ther¬ 
mite ” process) is cajjablc of giving m;ioh purer .chropium, and is 
the process coramcmly employed.'' * A dry mixture df ‘ aluminium 

t M. Le Blanc, “ Production of Chromium and Compounds by the Aid of 
^ the Eleotcie Civvent.” Tranalmior^ by J. At*. Richards (Chemical Publishing 
Co,). 'See also S. J. Sargent, Trans. Amet. Electrochem. Eoc. 37 (1920), 479. 
Also oonspare E. Lijbreich, Zeiisch. Elektrochem. 27 (1921), 94. 

* H. Moiss^n, " Trej*4 de Cljimie MmSrale *' (Masson). 

• fJnlrlsohmiHf. ntiH O. Vantin. J Snr. nhp.vn. Jnd. Iff HROK). 543. 
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powder and green chromic oxiCte preparejf and pla^ in a mag- ^ 
nesia crutfible. A p^l sSnsisting'tif alumj^um poWer and barium 
peroxide is made ;* a piece dt magnesium is stuck into it, and the 
pill is embecl^ed in the mixture. The m*gne*iuni is lightejl, amj 
the aluminiunt of the pill reacts with the barium peroxide, producing 
a temperature high ^nou^h to stort the react/on in ^he body of "the ' 
mixture. The change , * 

Cr^Oj + 2A^=«Cr -f- Ah^Oj 

occurs so quickly and causes the evolution of so much heat that the.,, 
chromium produced becomes molten, and collects at the bottom 
of the crilbible. After cooling the mass may be broken ujf, and a 
button of solid chromium will be found at the bottonv 

Anolher method which, it is claimeil, yields uhromium in a state 
of great purity consists in heating the green oxide intlry hydrogen 
at a high pressure (130 atmosphere^ .in a magnesia,cruciljle wound 
externally w^th tuijgsten wire, wliich i.s itself surrounded* by heat- 
insulating material.* By passing a heavy jiurrent through the 
wire, a tenqieratw'e of o\cr 2,f)(MV' (!. can be reached. It is best to 
introduce; a little sottum ijito the cooh-r jiart of the furnace, to 
absorb water Ta|)our. 'Ihe equilibrium of the balanced^feaction, 
CrO + IL;z;::iCr -f H^O, 

is naturally^hifted in the sense desired liy increasing the pressure 
<)f hydrogen, and by decreasing the prcssnirc of water vapour. At 
ordinary pressures, hydrogen does not bring about a|)prceiable 
reduetioh of the vixide #1 chromium. 

Compounds 

Three important oxides of Miromiufti ^ire* kvown, CrO, Cr.j 03 
and CrOj, each of which forms a definite class of compounds. The 
two lower oxides (CrO and CroO,,) are basic ; the highest (OOj) is 
acidic. The oxide, Cr.3>;,. also seems ^o possess feeble acidic; pro¬ 
perties. Certain int(;rmt;diat»ox*ides su(;h as CrO.^ can be obtained, 
but no derivatives Jiave by^n jinqiarcd. AJany compounds of 
chromium in higher statf oftoxidafion.than'CrOj are knowTt. 

AT* fiompounos oi uivalent Ghromiwm (Chrsmotis dCom- 
pounds). 

ChromoAs oxide,,CrO, is fornij^d when cliromium amalgam is 
exposed to the aii' It is most conveniently prepared by treating 
chromium amalgam with dilute nitijc ^id.** On gentle warjping, 
the mercury dissolves and thd chromous oxijde remains as a black 

* E. Newbery and J. N. Pnng, Proc. Roy.iSoc. {191B), 2^6, 

* T. Dieckmanil and 0. Hold, Zeitech^ Anorg. Chem. 86 (1914), 391. 
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,powder. Th^ correspoading hydfoklde, O(0H)s, is obtained as 
a browp-yellow precipitai('_ w^enia /jlyromons palt solutidb is pre¬ 
cipitated with ammonia.^ ’ Both -anhydrous oxide ai^d hydroxide 

^e reaflily oxidized by the air to chnomic oxide. 

( <■ » * *- 
, Q^romous yaks £ke not obtaiiy3d when chromous oxide dis- 
solves in acids, since—in so fa.r'as dissolution occurs.at all— 
hydrogen is evolved And chromic salts are formed. In some cases 
chrttpouS sallfs'aro produced wKcn^metallic cliromium reacts with 
ji ndi-oxidizing acid (e.g. dilute sulphuric »cid), but they are 
more convenfently prepared by reduction of one of the higher 
compounds of chromium, for instance by treating a chsomic salt 
with zinc. Ip many cases, however, it is better to conduct the 
reduction eleotrolytjcall^,^ a lead cathode being employed'; the 
solution shouM bo covered over with a layer of light petro'ieum to 
prevent rcp.xidation of the chromous salts by the air. The chromous 
salts have blue solutions with very strong oxjdizing properties ; 
they actually evolve Jiydrogen whet, warmed or when treated with 
acids. They reduce acetylene gas (C 2 H.J) to etl'ylene (CjHi). 

The anhydrous chloride, CrClj, is fofmed By pas.sing dry hydro¬ 
gen chlotide gas over metallic chromium heated in a. tube. It is a 
colourless compound. If required in solution only, it is more 
readily obtained by the reduction of potassium dichromate 
(KjCr^Ov) with zinc in the presence of hydrochloric 5cid. When 
reduction is complete the sblution is blue, but readily absorbs oxygen' 
from the air, becoming green owing to the formation of chromic 
salts..- •' 

The insoluble chromous acetate, Cr{COO.CH 3 ) 2 , is obtained 
by precipitation of chromous chlorit^o solution with sodium acetate ; 
it is a red j)recipitfite, soiulJle in acids and affords on th^t account 
a means for obtaining various soluble chromous salts. For iastance, 
Chromous sjulphate, CrSOt.7HjO, can bo isolated in blue mono¬ 
clinic crystals, isomorphous with zi,no sulphate and ferrous sulphate, 
from the solution of chromous aoetatS in sulphuric acid. The pre¬ 
paration of all chronxous salts is, howtiuer, made difficult by the fact 
that the}^ are so easily oxidized. Several, ljke'*t!ie iprmate and 
malonate^aVejed.in the crystalline state. •' * 

/ • ‘ » 

•^B. Compounds of<Trivalent Chromium (Chroljiic Com- 
^ pounds). ‘ 

Chropiic oxide, CrjOj, i^obtained^when any of the other oxides 
’ are ignited in the presence ot air at a high temperature. It is 
most ehsily prepaid* in *the ahbydrpus condition by warming 

« ‘ W. Traub© and A. Goo^aon, Btr^ 49 (1910), 1079, 1692. 
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solid amnjonium dichropate in ^ hard-j'ass flask. fThe change, ‘ 

. , (NF.) A A = Cr.O, + xNf.^ + 4H A 

when once started,, is rather violent, light aj^id heal being given 
out; after the reaction, chroA, c oxide is lt]^t beheld as a grSon 

powder. '• • •» 

' • 

The hydroxide i.s obtained '■'iy firccipitating the* lolution a 
chromic salt with, xieruonia. It is a gelatinous precipitate iv^ieh^ 
undergoes the pucuomcnon of “ageing,” already ruted in tJie 
hydroxides of beryllium and aluminium. When freshlj pre¬ 
cipitated, it is readily dissolved by acids or peptized by alkalis ; but 
if storad for some time it becomes less reactive, 'flic ageing is 
perceptiWo after a few minutes, but eontitfiies for si*mc months. 

It appears to be due to a decrease in the surface area of the product, 
which becomes denser and more compact. If thc^ preeijiitato is 
heated rathei rapidly to aboid 540" C., the agglomeration (or 
passage to the denser form) takt's place rapidly find quite suddenly, 
with so great an evolution of hixit that the mass becomes incan¬ 
descent, the temperatun^ .rising spontaneously through another 
.50-100°.'^ This evolution* of beat is a sign of the suddon’drop in 
the surface energy of the mass as the surface area becomes so 
greatly redui* I. 

• Freshly precipitated chromic hydroxkio readily passes into 
colloidal solution, being peptized either by alkalis or by water 
l ontaining a chromic sajt. In both eases, the hydroxide car^ be 
si'pj^ated from the colloidal solution by im-ans of ultra-filtration.'-* 
Nevertheless, the liquid obtained by .shaking chromium‘hydroxide 
with a soluWon of sodium hydroxide is iSiqjight Uy some chemists 
to contain traces of “ chromites ” in true solution, siftcc the liquid 
is oxidized by the air yielding a chromate, and thq^^amount of 
chromate formed increases with the concentration of thq alkali 
emplop-ed.^ The arguments foaand against the existence of^soluble 
chromites of definite compositic|i canirot be discussed further, but 
it may be stated that the «vid*!nce addqped tm either side iTfar 
from conclusiv#. It is‘'i^tere.sting to note, however, tka^’the in¬ 
soluble chromites of the hca.4y metals are well-known bo*dies. 
Chromite of irqn, for imstance^oclhirs in nature.^ 

Chromic salts are formed whfen qhromW oxid,-is dissolved by 

• ♦ • • 

> L. Wohler, KoU. Zeitsch. 11 (IM2), 241.; ^ B. Weiser, J. Phys. <!lwm. 

26 (1922), 401. 

* C. F. Nagol, J. Phys. Chem. 19 09^15), 5C9; W. D. Bancroft, 5mn«. 

Amcr. Electrochem. Soc. 28 (1915^ 351. • « v ^ 

* J. K. Wood and¥. K. Black, Trans. CAem. Soc. 10*' .'.910), 164. Com¬ 
pare H. B, Weiser, J. Phys, Chcml 26 (192^, 423, 428. * 

M.O.—VOL. II. 
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acids, or whlcn a dichroi^ate is reduced by a mild redutfing agent, 
e.g. sulphur dioxide. Tw) classes Of chromic salts exist, both being 
compovnd^, in the. sai^e state of oxidation ; the most obvious 
difference between them lies in the''cplour of the solutions. In the 
oiic class, the salts ai'e blue ordar’i purjile, having viokt solutions ; 
in the other cla.s8 both salts and solutions arC green. If«a solution 
of a chromip. salt is'kejrt for some lime, an equibbrium between the 
vif/i.t and green salt is set up, so that the solution comes to contain 
both varietif^s :— 

Violet salt Green salt. 

The equilibrium proportions of the violet and green saltS vary both 
with the total concentration and the temperature, the proportion 
of green bemg greater in concentrated solutions than in dilute. 
In moderately strong solutions of most of the salts, when a state 
of equilibrium is reached, the violet salt predominates at low tem¬ 
peratures and the green variety at high temperatures. Thus, 
generally speaking,*^ a violet solutmn, when heated, turns green, 
and the green solution, when cooled, returns to‘the violet colour. 
The rate at which equilibrium is set up,„however, varies in different 
cases. Where a solution of the chloride, nitrate or acetate has been 
rendered green by warming to 95° C., and then cooled, the return 
of the violet colour is fairly rapid. In the case .of. the sulphate, 
however, it may take ,some weeks.^ Furthermore, the velocity 
of change varies greatly with the temjX!rature. If a green solution 
of chromic bromide is cooled quickly, and is kept at room tem¬ 
peratures, the change to violet requires some hours ; if, however, 
it is warmed somewhat, the change is much more rapid, although- - 
owing to the sh'jftiiig qf equilibrium—it is less complete, the final 
product having a blue, rather than a violet tint.^ 

In practically every ease the violet salt is less soluble than the 
corresponding green salt, and it is therefore easier to isolate the 
violet salts in the (U'ystalline stare.Attempts to prepabe the green 
salts by evaporation of the green sijlutions, often lead to hydrolysis, 
and a basic salt—or sometimes a gymaiy collofdal mass containing 
the hydsroriide—is produced. It is wrong ro draw the conclusion, 
however, thar the green colour ia necessarily due to the presence 
of basic salts. As a matter of fact, in many cases where definite 
green salts have been obtained by crystalliza{ion,‘lhey are found 
to have the noiinal c omposition ; for instance, the rhombic green 
chloride (OrCls.BHaO) hc& the same composition as the monbclinic 
violet chloride (CrCla.eHjjO). Actually the addition of an acid to 
a solution oftfen shifts the equibbri’^m so as to favour the pro- 

1 W. K. Whitney, Zeitsch. Phys. Chem. 20 40. 

* A. Becoura, Comptes BetuL 110 (1890), 1029. 
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duction qf the green saVj,' whichiwould i> 't*be the'cafe if the green 
colour were duo to* a haeic-sTib'ltanSe.* 

It has lon^beeu known that the green stjlutien^havc.^nqlectrica,} 
conductivity tliffcifiit from that of vi<i'.et solutions of cqua* con¬ 
centration, and advantage has*, >x>ii taken oi this rfircurastancl to ' 
follow the variation in the jiropcjlions of the two salts during the 
process of attaining equilibrium, It has also Been ki^jwn /or some 
time that, in a solution of a green salt, oidy a fraction of thejticid 
radicle appears to be in rea(dive condition. Thus, in t^e case of thtf 
chloridc.s, the whole of the chlorine in a violet solution is precipitated 
by silver ftitrate in the presence of nitric acid, whilst, in the green 
salt, only one-third is precipitated by the same reagtfnt. 

The case of the sulphates is similar ; by, heating the violet sul¬ 
phate, Cr 2 (S 04 ) 3 . 18 H 20 , at !) 0 ° a green suljdiate, ('r 2 (S 04 ) 3 . 8 H jO, 
is obtained which shows none of the reactions of a sulphate, yielding 
no precipitate with barium (diloride at ordiiufiy temj)t'rature.s,- 
But after standing for half an_honr it undergte's a eliange, and the 
product then rrmets with barium chloride. 

Other green sulphates ^ l»ve been described, which react with 
barium chloride, part, at^feast of the (SOj)" being preci(iitated as 
barium sulphate. Two of these appear to exist in small amounts 
in a dilute solutbrn of the violet sulphate which has been kept for a 
long time so as to arrive at a state of ejjuilibrium. Jf alcohol is 
added to such a solution, the ordinary violet salt is preeijutated, and 
there remains in solution a green salt having one-third of its (SO,)" 
in a state capable of precipitation by barium chloride. If, however, 
th(?^‘ aged ” solution of the violet sulphate is first c#ncentrated 
and then treated with alcohol,»the pregipitat# consists of a lilac- 
grey salt fiaviiig approximately two-thirfts of Its *(pSO,)'' “ pre- 
cipitatal)le ” by barium chloride. This lilac-grey salt quickly 
undergoes further changes. Rccoura Agards it as a'*double salt 
formed by combination of one^mshicule of green sulphate 5.nd two 
molecules of violet sulphate.* * 

It has been slu^iyi that ip sdne cases the gs^en and violol«alts, 
when preoipitaced with alkali, yjcld gi een and blue-viole(^hj«iroxides 
respectively. Neverthelfss, casq? are kneSvn whdte a solfttkm con¬ 
taining more green salt than vkjjet yields a 'riolet hydroxide with 
ammonia ; p* viotv of the ‘relatively smpll Solubility of Vfblet 
compounds (a genorafization whielP precujpaBlJ •extends to th^ 
hydroxide) this is not especially surprisijg. Other insoluble salts 

• 

* J. Olie, Zeitsch. Anorg. Chem. 51 (1906)^47. 

* A. Reooura, Ann. Chim. Phys. 4 (1895), ^05. 

* See also A. Oilson, Comptea Jiend. 140 (1905), ■— 

‘ A. Recoura, Oomptes Rend.;i69 (19l8), 1163 ; 170 (1920), 1494. 
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likewise exist'in the two forms ; Iflius a vMet hydrated phosphate 
has been obtained by precipitation frotn cold solutions, and a green 
jiydrated pbosphllto' front hot solutions. The latter gfVes oil gentle 
heatitrg a black anhydroun phosphate (CrP 04 ), which yields green 
baiic salts on strong heating. ^ ' f- 
The existence and reactions of 'Jbe varidus salts is to so&o extent 
accounted fojicon Werner’s assnmpi^ion of a stable “group of six ” 
arobnil each chromium atom, no member of which “ group of six ” 
lb capable of. ionization.^* According to this theory, we can write 
the tw(> chlorides, 

[^(HjOlo] Cl, Violet Chloride 


and 

a 


L CL 


] 


C1.2HjO 


Green Chloride 

I* 


thus cxpl'ining. why oidy one-third of the chloride of the green salt 
can be separated by ineaius of silver nitrate.The fact that the 
green salt loses two ,nf its molecules of water of crystallization when 
kept over sulphuric acid in vacuo adds support to the formulae 
just proposed. u 

In tho case of the sulphates there are two atoms of chromium 
in each molecule ; hence we have the possibility of twelve unionized 
HjO groups. The divalent radicle (SOi)'' shojdd replace two 
HjO groups. Thus we can write for the hypothetical formulae 
of the different sulphates :— 



The first compopnd clearly represents the violet ionizing salt, 
the last being the nok-ionv'jng greertsalt; the s6cbnd may represent 
the lilac^gfey sulphate ^having two-thirds 'of the '(SOj)" in the 
precipitable condition, whilst t^ie third may be the green sulphate 
whjcji has one-third of its (SO,)" fli tjje reactivq condition. 

The scheme of^correlation suggested abovri explain^’many of the 
dbserved facts,‘and flo doubt represents a close approximation 
to the'trutk. But it is td be noticed, that in many cases the number 

1 A.*F. Joseph and W. N..Rae, Trans. Chem. Soc. Ill (1917), 196. 

’^G. p. ,Higley^..f Amer^ Ghent.' ^c. 2b (1904), 613. See also J. Olie, 
Zeitsch. Anorg. Chart. 51 (1906), 29; W. R. Whitney, Ztitsch. Phys. Ghent. 20 
(1896), 64. • ‘ 
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of moleciiles of water fcund exp«rimcnta)l/for the lAmerous salts 
exceed those requjrdd for thj fbrmatit)r4 4>f the complex ; thus the 
formula’ for fhe violet sulphate given above raquires twelve mole¬ 
cules of water, whiljt the violel Aiilphatc, ^is*we know it, lias ei§liteen, 
the excess water being presum ably loosely combidied “ wate» of 
crystallization.” It is indeed sttded that the’violet salt, after being 
dried in sunlight, contains onh’ twelve moleciries of water, the six 
molecules of “ crystal-water ” being given off during the il^ng 
process.' » 

As already stated, the violet salts arc more easy to crystallize 
than the ^ecn, and are therefore better known. One of the best 
develojied is chrome alum, K2S0i.Cr2(S04)3.24Hi[0, which is 
conveniently prepared by reducing pota.ssiuiji dichromate (KjCr^O?) 
with sulphur dioxide ; it crystallizes out in very* dark purple 
octahedra, isomorphous with the other alums. • « 

The hydrated cljloride (CrCls-OHjO) has already been referred 
to above as existing in two forins (violet and grocn); the anhydrous 
chloride, CrCl;jf is best prepared by passing dry chlorine over a 
mixture of chromic oxide and carbon heated in a hard-glass tube, 
and forms violet-red scales. The pure anhydrous chloritfe is dis¬ 
solved so .slowly by water as to appear practically insoluble. Actu¬ 
ally, however, i^ has a high solubility limit. If a trace of chromous 
chloride be present, which acta as a catalyst for the dissolution 
process, the chromic chloride passes inlo solution quib; readily 
and solutions of over 50 per cent, concentration can bo obtained 
iveforo the solubility limit is reached. 

'C. Compounds of Hexavalen^ Chromium jChromft Acid and 
the Chromates). 

When a chromic salt is treated in the |)resenco of alkalis with 
hydrogen peroxide or other oxidizing agent, it is collferted to an 
alkali salt of the higher oxide, Crt),, which has a well-marlAd acidic 
character. For instance, if potassium hydroxide is addcd»in excess 
to chromic suliijir.tc^ soluJ;iffnl and tho mixtftre is treated, with 
hydrogen peroxide, it 'lecomcs yellow and upon evaporation deposits 
yt,llcw rhomliic crystals*of potassium chromate, KjCrWi. .When 
the solution is acidified, the qpleur becomus orange, and, upon 
evaporation, fields—not, as^might be expectsd, the ordinaiy»acid 
salt KHCrO.—but flie anhydro-s#lt po’^sSiujn dichroma^, 
KjCtjOt or KjCrOj.CrOa, which is deypsited in fine red triclinic 
crystals. Apparently this silt has* a real existence *in soliRion, 
ionizing into • 

2irana [CrAy'- 

* M. Siewert, Lijb. Ann. t26 (1863), 161. 
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The orange dolour of aci^iied scAutions of,chromates is«thus due 
to the Ion [OjOr]" just ae the yellAu*-colour df^eutral or alkaline 
solutiong is due to the ion (CrOj)". * 

Tha.'rod bichromate is tjonsideraljiy less soluljle than the yellow 
chrt,mate, and'is therefore more ^asily prepared in a pure state. 
It is a stable compound and, unlike most compounds in a High state 
of oxidation,jCp,n b(? melted without decomposition. The melting- 
pofrdii is about 190° C. The solution ha.s decided oxidizing pro- 

V/Ortics ; it converts, for instance, ferrous salts into ferric salts. 

* » < 

It is reduced by sulphur dioxide to a chromic salt. The dichromate 
is also reduced by organic matter (e.g. gelatine or gum)' when ex¬ 
posed to the* light. 

When further acid ii^ added to a dichromate solution, tlje colour 
becomes a deeper orange. Anhydro-salts containing still greater 
quantitiesi of cbroniic oxide are obtained by crystallizing strongly 
acidified ^solutions' of chromates. For instance, a solution of the 
dichromate in hot niitric acid of specilic gravity 1-2 deposits 
on cooling deep red crystals of potassium trichromate, 
KjCrjOio, while a similar solution in rironger nitric acid (specific 
gravity',1-4) yields the brown-rod potassium, tCtrachromate, 
KAiO,,. 

'' Chromium trioxide, CrO;,, from which the .^bp.vc salts are 
derived, can itself be isolated from a still more strongly acidifiecj 
solution. To obtain the oxide, pota.s.sium dichromate is dissolved 
in 60 per cent, sulphuric acid, and the solution is allowed to deposit 
the drystals of potassium bisulphate (KHSO^) which separate during 
the first twplve hours ; if it is then mixed \vith a further quafft'ity 
of concentrated sulphuric qcid, a mass of scarlet crystals, will slowly 
separate, whicji, aHer draining, can be washed free from the adherent 
liquid by means of pure nitric acid ; the nitric acid is afterwards 
removed by’'drying the crystals in current of warm air, leaving 
chromiifm trioxide. The trioxido is a powerful oxiditing agent, 
and is IrtfS stable than potassium dichroraatc. It oxidizes alcohol 
very .-iolcntly, whef^^that liquid is Chopped Upqii it; evolution of 
heat and ,light accompany' the change. Chromium tyoxide decom¬ 
poses .when licrted at 2i)0° C., evolving oxygen and yielding adoWer 
oxide. ■ ' ' 

Selutions of chromium trioxide are brange-reef and'jjiave powerful 
oxidizing properties. ,§olutiofis saturaterl at . high temperatures 
deposit red crystals of the,hydrate, HjCrOj, which may be regarded 
as tlie chroVnic acid, from which the chromates (e.g. KjCrO^) are 
derive|I; but the naftic “.chroquiq aci^ ” is usually applied to the 
anhydrous’oxidefClOs. It appears probable, tha^ in the solutions 
of chromium trioxide, the chromium, exists mainly as the highly 
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ionized “.dichromic acirit” HjCrjJ},, which cerreapqpdt to potassium# 
dichroinate KjCr^O^, * » • * • .* . • 

AmmoniuHi chromate and difihromaje arp fprmcd from solu¬ 
tions of chropiic trioxide confining amrfonia, the Mt Ifoijig dee* 
posited when amrnonia is inWocss, an^ the^'seconj^ when chrynic 
acid is ia excess. 

The insoluble chromates are obtained by precipitation. For 
instance lead chromate, PbCfcj’is a yellow prcorf^tate’ob^ied 
on the addition of a potassium chromate solution to a solution of 
lead salt; the same body is also formed if potassiutn dichromate 
is used irtstead of the chromate. It is dis.solved by mitieijil acids, 
and also by alkalis. Barium chromate is a yello^v precipitate, 
and mercurous chromate a scarlet prccipijate obtained in an 
analogous manner. By the precipitation of .silver nitrati! with 
normal potassium chromate, brick-red silver chrornate, AgjCrO,, is 
obtained, bpt in ihis case potassium dichroinate in weakly acid 
solution gives a dark-red pTecipitato of ^ilver dichromate, 

AgaCfoOv. ,* , 

Chromic trioxidc is ahmijit devoid of basic properties ; an oxy¬ 
chloride. (kOjCl.., is knoVn, which can be looked upon fjs a basic 
chloride of hexavalent chromium, but it is at once hyctrolysed if 
brought into contact with water. It is known as chromyl chloride, 
and can be regarded as the product of reaction between chromic 
acid and hydrochloric acid. The rcactitin proceeds in two stages, 
both of them being reversible :— 

(1) CrO,<5J{J-l- HCl CrO,<J^“+ H,0 

Chromic acid <:;i)^oroc*ir(ynic acid 

(2) Cr().<J^,^-l- H('l CrO,<J;!-h ft./) 

ChlorocMomio nci^l Chromyl chloride. 

When chromie acid is dissolved in strong hydrochloric acid, the 
reaction does not go beyanll.the first stagey but, if concAutrated 
sulphuric acid (which, by absorbing the* water prodnced^^ll favour 
the’formation of chromyl cblpside) is added in iftnall qualities to the 
liquid,' a heavy dark red liquid Uppears, an»l sinks to the bottom. 
This is chrobiyl chloride. 'It van be sepjiraDed by means of»a tap 
funnel, and freer? from hydrogen ?hlorid(» bf tl»awing air through 

it ^ • 

An older method of preparing the substance is by Keating mix¬ 
ture of sodium chloride j,nd f ritassium dlchromato with; concen- 

> H D. Law and F. M. I^rkin, Tnma. Ghem. Soc. 91 (1907), 191. 
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trated sulphufjc ficid. The sulph\(pc acid qcts on the salt^ yielding 
hydrogen chloride and clj-oiriiufli tripxido; and these two react 
together, the wa^r protluced bhing completely absorbed by the 
Sulphuric adid. Chromyi chloride fe therefore form^, and, being 
volatile, distils ,away ' it may be collectod in a well-cooled receiver. 

Chromyi chloride ifl: a very da^i: red liquid, boiling at 116° C. 
and producing a brpwn vapour of'-normal density. When intro- 
dua^ into welter, it is almost at oi^;e hydrolysed into hydrochloric 
^pd chromic acids ; if the water is present only, in very small quan¬ 
tities, the hyUrolysis is only partial, chlorochromic acid, which 
has beeji mentioned above, being produced. i 

OK 

The potassium salt of chlorochromic acid, Cr02<]™ , is fprmed 

* • 

by warming potassium 'dichromato with concentrated hydi'ochlorio 
acid : it .separates from the solution in red tablets. 

,D. Intermediate Oxides (Chromium Chrohiaterf). 

t 

Various brownish or black compouhd.s which can be looked upon 
as chromic chromates, a-CrjOs.yCrOj^ are 'precipitated when a 
chromic ’salt is treated with a soluble chromate ; .similar bodies 
may be obtained by the action of chromic acid upon chromic 
hydroxide. Under certain conditions, the composition corresponds 
approximately to the formula CrjOs.CrOj or CrOj, aifu'the product 
is often regarded as an tntermediato oxide of chromium. The' 
same body may bo obtained .as a dark grey powder in a dry way by 
heating chromic oxide in oxygen at 440° (>.' 

Another intermediate oxide, 2 Cr 203 .Gr 03 or CrjOo, is test 
obtained by pa.ssing the vapour of chromyi chloride through a hot 
tube, in which it cfcllects ns a lustrous crust of little crystals belong¬ 
ing to the rhoiiihic .system. It is interesting to note that this oxide 
—like the intermediate oxjde of iron and other niehals—is dis¬ 
tinctly magnetic. „ ’ , 

» 

'fe. Highfy Oxidize^ Compounds pf Chromium (Perchromic 
Xiiid and the Rerchpomates)» • ", 

If a solylfion of chronjium trioxide, is Treated with hydrpgon 
peroxide, a deep blup coloration is'obtained, containing a more 
highfy pxidized substance. The blue solution, hov^evey, is extremely 
unstable, and rapkUy giVes off fixygen, a chrct.nij salt 'Doing left, so 
thSit the idtimate effect of jthe action of hydrogen peroxide on a 
dichmmate is a reduction, ‘ not an Oxidation. But, if the blue 
solution obtained by addipg hydrogen peroxide to a solution of 
chroij^ii 9 .ci|jl is at^ocpe shaken uj) frith ‘a little ether, the blue sub- 
' ^ H. Moissui, Ann,ifihim, Ph'je. 21 (1880)t 246. 
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stance is^extracted by I.ho ether,,^being rauSh more soluble in ethei» 
than in water. Now, in jjpner&l, it is found tl\p.t solutions in 
organic-solvents react more slowly than a([ueovs solutions, and this 
is no excepti(ji to the rule ; th% etherea^ Elution decoiTipos«imucrt 
less readily than the aqueous so'ution and carf be preserved for ^me. 
time. • • j ' 

The blue solution appears to contain sov^iral highly oxidized 
bodies ; although only one pc^chfomio acid has be%ri isbla^ai in 
the solid state, salts and derivatives in three different stafl-s oS 
oxidation are known. There has been a certain afiiount of ’dis- , 
agreemcirt regarding the nature of these bodies; but tjey may 
probably be regarded as derived respectively from , 

(aVHCrOc (unknown), which yield* violet ^Its such as 
KCr 05 .H, 0 ,, NHjCrOs.H^Oj and IlCrOj.CjHjN; 

(6) CrO, (unknown), which yields brown deilvativts .such as 

(.trOi.SNH,; , 

(e) HjCrOs (known in a. blue hydiated form), w'hieh yields 
red salts ftuch a.s K/'rOj, (NHiljCrOs. 

• 

(a.) The salts of the'acid HCrOn’ are produced b^ treating 
the blue ethereal solution with alkaline substances at very low 
temperatures (below -• .5" C.), great care being taken to avoid any 
excess of alliali and to prevent any rise in the temperature. Thus 
on adding alcoholic potash to the blub solution, the potassium 
salt, KprOj.HjOs, separates as a violet precipitate ; it is very 
unstable and decompofS-s if the temperature is allowed to rise* even 
as'*ygh as 0° C. ; like nitrogen iodide, it explodes when stirred. 
The ammonium salt, NHjCrO^^HjO,, is ratl^Jr less unstable, and 
can be prepared by adding an cthere,al sc^ution^f ammonia to the 
blue ethereal solution of perchromic acid at — excess of 
ammonia being carefully avoided , it»is a violct-blsiak crystalline 
powder, s^newhat resethbling pvlverized potassium permanganate, 
and can be dried in a de.siecator at 0° C. without decomposing. It 
decomposes, howeves, if e.xpctcd to the orditiary atmosphtajo. It 
is soluble in*wat*er, ,yieiding*a violet-browh solution. ^Tho role 
at the combined hyth-c^en peroxide in the mcJec\^e*s«cm^ to be 
similar .to that of water of ci^staMization in hydrated i^lt; 

Rather mqre stable salt*, a!so derived from the acid HCrOs, 
are obtained* with,or|anic baseS, such as {wridhig (CsHjN), piperi¬ 
dine (CbHuN) and aniline (CbHjNHjJ ; these contain no excMS 
of hydrogen peroxide, and ai^ violet or indigo substaftces, Adding 
brown solutions in organic solvents. 

» 0. F. Wiede, Bfr. 30 (1897), 2178 ; 31 (1898), 61^ 3^9 ; 32 (r899)' 378 | 
K. A. Hofmann and H. Hiendlmaier, £<r. 38 (190S),. 3069, 3006. 
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‘ (6) Derivatives of'ithe oxida CrO,./!! the blue, ethereal 

solutiorf of perchromic ackl fe treathdf at a loiv, temperature with 

ca;ceM concentrated ammonia,‘a different body is fbrmed. The 

excess of ammonia here afjts as a r^ucer, and ,the affueous layer, 

whith becomes- dark brown, deposits brown needles having the 

composition SNHj.CiO,. These »heedles' explode if completely 

dried. T^^is ^Qculiar substance dis^dvcs in a cool aqueous solution 

of 'jite.tassium cyanide, giving a brown-red solution ; on adding 

sScohol, an oil separates which finally deposits crystals, having 

the coippositwn SKCN.CrOi, and which explode when rubbed. 

The two substances “dKCN.CrO, and SNHa.CrO., appdar to be 

addition proiiucts of an unknow-n oxide (CrOj) with potassium 

cyanide and ammoniq respectively. ‘ 

(c) The acid H^CrOg and its salts i are even more highly 

oxkbzed b.rdiesithan those hitherto described, although rather more 

stable. •• • , 

0 * * 

The. free acid is ebtaitied by treating a suspension of chromic 
acid in methyl ether with coneiMitrated (97 per vent.) hydrogen 
peroxide at very low temjieratures, filb'ring from excess of chromic 
acid, an3> treating the liquid with phosphorus pento.xide to remove 
water. The solution is evaporated in vacuo at — 30° C., methyl 
ether being sufficiently volatile even at this low temperature; it 
leaves a dull blue residue having the composition H 3 Cr 0 g. 2 H 20 . 
The acid decomposes at a perceptible rate even at ~ 30° C. ; its' 
“ strength ” is similar to that of acetic acid. 

Ttfo corresponding salts arc obtained bjf the action of concen¬ 
trated hydrogen peroxide upon a faintly alkaline solution‘flt a 
chromate. At low temperatures ^below 0°C.), a solution of am¬ 
monium chropiatc eontflining exce.ss of ammonia, when treated 
with hydrogen peroxide, (hqMisits crystals of a red salt (NH 4 ),Cr 08 , 
which can Bh washed witlf 95 per cent, alcohol and dried. The 
crystalliho habit of the salt varies with' the composition of the 
liquid frOm which it is obtained, and this has given rise to many 
apparently contrad^tory statemetite; but tlje composition— 
assuming ,tl^c compound tb bo obtained pura—is alitays the same, 
unless thd quantity of hydrogen peroxidS present is insuffiaionit; 
under such circumstances, the bipn'pound Cr 04 . 3 NH„ referred to 
ibofe' is obtained.* A red potassiutti salt, K'aCrOj,, is prepared 
iq a manner aaiSo^oipi to the ammonium* salt ; it decomposes 
slowly when heated. Wt^n solutions of the red salts, (NH 4 ) 3 Cr 08 
and K 5 OO 8 , are acidified at d low temperature, oxygen is evolved, 
ind a .blue solution, jffesumably,containing the unknown blue acid, 
HCrjOj, is Abtained.* • * 

•JE. H. EiesenfelJ, H. E. Wohlirs and W; A. Kutsoh, Ber. 38 (1906), 1886; 

TT W A'T /iafA\ KAQ 
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F. Miscellaneous Q>mpound^. 

Chroniiu|^ Car&ides.^ tT^OjCaAidfes of chroiBium ajJpoar to 
exist. When chrorninm and e.'i^ce.ss of car^n ate Seated clectricalljf 
in a crucible,"tho friable jirodiuct contains nuijierous crystals Raving 
the composition Cr/l^; thi.s Jarbido is roniark<>f)ly stable ftoth* 
towards acids and alkalis. Aether carbide, Cr^C, is sometimes 
met with as needle-shaped erj^ta^s on the surface*^ the button.s 
of metallic chromium obtained by reducing the oxide with <iyf)on. 

Analytical 

The changes of colour which accompany the pxidation and < 
reduction of chromium compounds can bo usi^d to recognize their 
presenct;. Chromic salt .solutions arc norinally violdt, but become 
green when heated. When oxidized in alkalii^i solution with 
hydrogen peroxide, the yellow colour of a chromate a|>()ears. In 
acid solution, hyaroge]i ]icro.\Vle yields a b^ue coloration due to 
pcrchromic ackl. If a little ether is added, this test becomes 
quite sensitive ; for ndt onl^is the blue porchromio add less unstable 
in ethereal sokition, but d few drops of ether will collect aR the per- 
chromic acid fro*m a large volume of solution, and thus the blue 
colour can bc^ctcctcd, where otherwise it would not be recognized 
with certafn^ ('hromat(^ solutions give yellow precipitates with 
lead acetate and with barium acetate, if brick-red j)reeipitatc with 
silver nitrate, and a reddish precipitate with mercurous nitrate. 
They are reduced to •the green chromic salts when boiled with 
alijshol in acid solution. 

In the ordinary method of jnialysis, chromium (if'present as a 
chromic salt) is thrown down iis a hyiV(»iidc 1^ ammonia in the 
presence of ammonium chloride. Various other metals, like iron 
and aluminium, are precipitated in th^^ same way, lujt it is possi¬ 
ble to septate the chrdhnum frqm the.se metals, by trcat.’nent with 
chlorine or bromine in the prt^enco of cau.stic alkali. This converts 
the chromium to a soluble sltromate ; after Ijoiling, and t^^tment 
with acid ta*dissolvp the precipitate, the ahlminiutn and iron may 
ftgaui be precipitated >118 hydroxides by meaivs ftnjraonia, the 
chromium remaining in solufton*as a chroiivitc. 

Various rjethcsls arc a\i(iikil)lo for the fyial precipitation and 
weighing of the ,chfomium. If %ee frdm wilphatcs, the nearly 
neutral solution can be precipitated. wilh barium acetate, Ind 
the precipitate collected fend weired as bariiAn Ahvomate 
(BaCrOi). Another convenient methpd ie to treat tha neutral 
or slightly acid solution ^ith mcrcurops nit»at6, when j, pre- 
» 

* H. Moissan, fomptes liknd. 1X9 (1894), 185. 
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‘cipitate of meMcurous chromte is jf)rmed. .Although this fubstance 
has nob a very .constant cbmposifioil, jt yields '^een chromic oxide 
when heated, ths- vtdatik) mercury passing away; cBromium can 
then b* weighed as CrjOj. .,A third fhethod of estimating chromium 
in ^|Chromate is to reduce it to tlm trivalent condition by boiling 
with alcohol and acidt and then ,pi precipitate with ammonia as 
chromic hydroxide, which yields thd anhydrous oxide upon ignition. 

IV4? also possible to determine* th^strength of a chromate solution 
Bolulnetrically. The easiest method is to add potassium iodide 
to t'ne acidifie'd solution and then to titrate the iodine liberated with 
a stanctard solution of sodium thiosulphate, starch being added 
as an indicat<jr when the end-point is approached. It is best to 
dilute the solution-considerably before titration, since otherwise 
the green coldur of the chromic salt may be confused with Ihe blue 
colour prcvlucofb by iodine in the presence of starch. 

■ ‘ . ‘ 

T'EKKESTBrAL OcyUKRENOB 

The greater portion of the chromium present in an igneous 
magma, .separates out among the earliest .crystallizing constituents, 
as iron cllromitc, owing no doubt to the high melting-point of that 
compound, and its comparatively small solubility in the molten 
silicate mixture. Consequently, chromium is found* mainly in 
basic rocks, and especially in ultra-basic rocks such as peridotite. * 
The iron compound is a member of the spinel group of isomorphous 
minerals, and is known to mineralogists af 

Chromite . . . FeO.CrjOj. 

Actually the comijoshion of the mhieral varies somewhst because 
the ferrous ir«n is replaced in part by magnesium, whilst the 
chromium i.s in part replaced by aluminium and also by (ferric) 
iron. Thus Some speoimens*of so-called chpjmitc tend to approach 
in composition the other membefs qf the group, such %s 

Magnetite . . EeO.f’ejOa 

or Spinel. •• .« . ». ‘MgO.FeJOj . 

Chromite £« \)laf!k,' lustrous and hep,vy, thB specific gravity being 
about 44, • • , 

Wheii ultra-basic recks like peridotitt undergo*the foi;m of decay 
known as “ serpef.biilizE^tmn,” the chromite Amftins unchanged in 
the mass. Where the proyijicts of corrosion of a rock have Keen 
carriM off By running water,* the hBavy grains of chromite are 
occasionally dro;^ed ih “ placer ” deposits not far from the place 
of origin* • » • • 

Practically the whole of the. world’s supply of otromium and its 
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compounds are derivesj. from ^romite| and thp jpiost' valuable, 
sources are those in which tharacSs haye undergone serpentiipzation, 
a change w^iich usually render# the riysk easj^r to work. An 
important qiyxntitj^ comes frcftn serpentifiizcd rocks #)f JUwdesia 
and Portuguese East Africa ;*a further suppljTcomo^ from Baluchis-, 
tan and Mysore, whilst e largl^quantity isjmincil in Oregon and 
California. Other deposits of huportance ocepr in New Caledonia 
(in the same serpentine as theVic^el), Quebec, Or('(#;e, atid^Cjfba. 
It is of interest to npte that there arc also some small mines in tlm 
Shetland Islands. 

Like vfcnadium, chromium is also found dn small quantities in 
some of the ores of heavy metals. Por iiLstance, ^in the upi)or 
(oxidized) portions of lead ores, the insoluble phromate 
Croeoite . . . PbCrO, 

often occurs as a red or orange mineral. 

Traces of* chroifiium also (neur in numermfs other ’minerals ; 
where the mineral would otherwise be coloufless, the presence of 
chromium will generally cause a colour, which will vary according 
to the state or oxidation syuf other circumstances. The green colour 
of emerald, tlie j-ed colour of ruby, and jio.ssibly eveiu the blue 
colour of sapphire,’ are du(^ (at lca.st in some cases) to small quan¬ 
tities ol cliF jwfum ; but it seems likely that not all rubies and sap- 
• phires owe their colour to the same caq^e. 

' "IjpCHNOLOOY AND USES ^ 

Although the greater proportion of the chromite mined is con¬ 
verted into ferrochromo and ghromium chemicals, a’considorable 
amount is used as a refractory materiiii in fwiiaces. the com¬ 
paratively high melting-point of chromite and its’indifference to 
molten silicate mixtures has already bpen referred to.. The special 
value of yie material Wes in tl|p fact that—unlike niost,othcr re¬ 
fractory substances—it has* neither marked acidic ,nqr marked 
basic properties. I^ for instance, a roof of siliceous material has 
to be con8trftcte.d. qpon a fufnace lined with basic^ material, it is 
«omptimes convenient Ao separate the tjyo matprMs “by a layer of 
chromite, since if the siliceoiA)*r(¥)f rests dirpctly on the^basic sub¬ 
stance, fluxipg at the poiiW; of contact may, occim. Rcceptjy, at 
some coppef wor)fs, •furnaces Bavi^ been tionstructed in which the 
whole roof as well as the walls are composed of chromite.® The 

* A. Duboin, Ber. 31 (1898), 1977. But, oonajjare A. VemeuiL Comj)(e» 
Rend. 161 (1910), 1063, who s»ya sapphi^ o<#utain no chroimuin, 

but owe their colour to the oxides of iron afld titaniuA. 

‘ W. H, Weed,^OT. Ind. 28 (1919), ^0. 
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design of such furnaces is i^endered difficult (j)y the fact that chromite 
bricks tend to soften percej)ti_bly it high temperatures. 

Production of.CIjroirates. The chromite ore is usually roasted 
dndei;-oxidf/ing conditionj with sodium carbonate,, and lime at 
. aboj^t 900-1,00('° C,, care being taken that the mass is only sintered 
and not actually fuscT. Under tl^ese circumstances the chromium 
is oxidized to the haxavalent state,_ Afterwards the roasted mass 
is e .'tracted with water, msually coiitaining more sodium carbonate, 
flje leaching being preferably conducted in -on autoclave under 
considerable steam pressure. The chromate is thus completely 
dissolveji, whilst the iron remains behind as an insoluble oxide. On 
treating the ypllow solution with sulphuric acid, it turns orange-red, 
showing the formation of sodium dichromate (NajCrjO,); this 
salt can bo prepared in the solid form by evaporating the liquid 
until sodi\i,m sulphate ery.stallizes out from the liot solution, and 
then cooling in order to obtain crystals of the diehrou'ate. If the 
evaporation is conducted in iron vessels, care should be. taken to 
have no excess of acid in the liquid, since free chromic acid acts on 
iron.* 

If a diehromate is required in a state ofpurity, it is better to add 
to the solution potassium chloride, when potassium dichromate 
(KjOrjOy), which is much less soluble than the sedium salt, will 
separate out. Although the potassium salt eati be obtained more, 
pure, on account of its ebmparatively low solubility, it is clearly 
the most expensive of the two. The normal salts (NaCrOj and 
K.iCrD 4 ) are made by adding alkalis to tlie solutions of the di¬ 
chromates, ^ 

The diehromates of potassium an<l sodium (commereiajly known 
as bichromates) are^used ior a number of purposes ; in most cases, 
the employment depends on the oxidizing power of the salts. One 
quite unimportant u.se of the .salts has l)een mentioned in Volume I 
—namely their emjdoyment as, oxidizbig depolarizp*s in the 
“ bichromate cell.” Ear more important is the employment of 
potassium dichromaSe as an oxidizRig agente in the manufacture 
of dye-stuffs. ,Eor iiiscanct, the oxidation of.anthratene (C 14 H 10 ) 
to anti^^raquihoqp (CnHjCj), the b^sis of the red dye, alizarin ot- 
artificial madder, , ‘ ^ ' 

ChHj. + 30 = CyHsOs -f HA ‘ • 
ca». be brought ftf)out'’very Easily by the acJion of potassium 
diehromate and sulphuric akid. The .anthracene is heated with a 
concentrated solution ojE potassium dfehromate and sulphuric acid, 
in lead'-ffined wetoden tubs, until ^completely oxidized. In the 

> G. Ulm, Chem.^ZeU. 38 (J914), 670. * 
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process, the dichromafe is recfuced^tA thje ^tate pf ^chromic salt.^ 
From the liquid obtaifted, thq Ijslat^le anthraqumone is removed 
by distillati*! ia Steam, ani the.solutioii left behihd can %o con¬ 
centrated until chrome alum (lijSO,.Crj(S*i)4)3.^4fljO)«is ilnpositwU 
In some of tl*e bluest dye-\forks, howAof (jiotabh' in Oerrftanyj,^ 
the solution left is not cvaporat^l, but is reconveiwl to tliehroAalo 
by electrolysis. It is run dirp(!tly into the anode compartment 
of a divided cell, a lead anod^ ctwered with leiwl •jy-roxido bjing 
employtd. tly^sj)eaking, it is the lead peroxide which ptC^uce.s 

the oxidation, leing itself regenerated by the anodia action of,tffe 
current. »A current efliciency of 80 per cent, is obtained. JMrcctly 
the oxidation is complete, the solution is run back into the lAid-lined 
vats tvhc'rc it serves to oxidize a fresh portion of anthracene. By 
thi.s regenerative method the cliromium is not usjd up, but is 
alternatively oxidized by tlio electric current and reduced by the 
anthracene. Thus th^ oxidation of the antliracefte is 1'eally con¬ 
ducted electrolytically, and Both lead jiero.xido and jiotassium 
dichromate serje merely as ^ carriers ” of o.xygcn. 

It has been mentiom'd that salt solutions of trivalent metals (c.g. 
aluminium) luive a })cc,*liar hardening action upon gelatine and 
similar bodies. Salts of tiivalent chromium possess th^t property 
in a very marked ilegree, and many applications of chromium com¬ 
pounds dc{)et;(\ on this fact. The "‘carbon” or “autotype” 

* jirinting process used in pliotography, for instance, is based on the 
fact that gelatine contaiiung potassium dicbromate becomes 
insoluble when exposed to light; for tlie light, in the presence of 
orgajiic matter, reduces the chromate to a chromic compound 
(probably clnomic hydroxide), and this hardens the gelatine, making 
it insoluhte in hot water. The*gelatin<»fiim tfticd contains pigment, 
and is (ixposeil to light tlirough a negative ; then (after transference 
to another support) it is washed with hot water, y^hich dissolves 
away the^iorlions to which light has fiad no access. This leaves a 
positive image upon th? support. 

Chrome Tanning. Ann?lier applicatiot* of the action of 
chromic salts upon ,g( latinotft matter ds thJ process of “chrome 
taniiage,”’ which has bien develojaal majnly in Anierieajtmt is now 
used very extensively in thi^ country. It |^as already been men¬ 
tioned thaf pertain kinds #.d' feather arc mj).de by soalung„hides 
in baths containitig Biluminiuifl salts ; the preparation of leather 
by "means of trivalent chromium salts rests upon the same princJJ)lo. 
The more obvious method Bpiisistsi iif Soaking the preparedejiidea 
in a chromic salt solution ; this^is knowjt asethe “ one-hath ^oceaa.” 

* D. McCandlish, J. Soc. Chem. Ind, 38 (lOiO). 26ft’ ;»M. C. Camb, Soc. 
Chem. Ind. 38 (me), 26&r. 
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.Chrome alum^.being a byH-product of the alizarin industry, was the 
salt mainly used before t{ie rWartirt this country. It is necessary 
to make the soljition sightly basic '(by the addition of - sodium 
tarbonp-te) s-o as to deposit chromic hydi-oxide within the hide. 
On the other hand, it must not be tob basic, or the chromium wiU 
nevl:r penetrate\ o the (lentre of the tide, which will remain imtanned, 
although the surfac(j will be over-tinned and “ cracky.” A little 
conoiderationtiVill show the reasbn (If this. The addition of a small 
amoiytt of alkali will produce a certain amount (j(f chromic hydroxide, 
but it will remain suspended as particles of colloidal size. As the 
liquor isr made more and more basic the particles will tend to form 
aggregates until finally they form a true precipitate. The aggre¬ 
gates will clearly ijot penetrate the hide so easily as the'small 
primary particles. ' ' 

An alternative process, which avoids any difficulty that attaches 
to the securing of correct alkalinity is the. “Jwo-bath 'process." 
Here the hides are drummed in a solution of chromic acid containing 
sodium chloride; the chromic acid quickly penetrates into the hide. 
It is then steeped in a batli oontainin.g a reducing agent such as 
glucose, -sodium thiosulpliate or sodium bisulphite which pre¬ 
cipitates 'chromic hydroxide within the' hide. ' The “ two-bath 
process ” is normally used for treating goat-skins in tjie manufacture 
of “ glace kid.” During the war it was used also for other purposes, 
owing to the shortage of chrome alum, and the exceptional demand' 
for chrome leather, which was considered preferable for “ marching- 
boots,” At present practically the whole of the leather used for 
better quality boot “ uppers ” is tanned with chromium, ontA. is 
afterwards ilnpregnated with a mixture of sulphoiiated oils which 
act as a lubricant‘and rtndcr the feather supple. 

Chrome tannh.ge is very much more rapid than the older vegetable 
tannage ; ac(yirdiiig to McQandlish, “ it can be completed in as 
many hoprs as the former procesq required days.” Tlqq rapidity 
is, to the prjjictical taimer, one of the* main points in favour of the 
new method. ^ r < « 

It is interesting to‘-.iote.that chrbme tanning,' uivlike ordinary 
tanning, is, a revejsible process. If a cliwome-tanndd leather ir 
soaked in a solution ^if a tartrate ‘like “ Rochelle salt ” (sodium 
potasjipm tartrate) p-hich has a ionqiderable solvept power for 
chromic hydroxide,, the hide returns to a condition si&nlar to that 
of *an untanned hide, ahd the chromium is recovered. This dis- 
covetj' is nob without practiliaL importonce.^ 

Clirojt.iium I^igmeOts.. Several of the insoluble chromates 
are upeful yellowt p%ments. Most important is load chromate 
* H. B. Proctor aud J. A. Wilron, J. Sot. Ohem. Ind. 35 (1910), 160. 
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(J^DUru,)^Known as "^rorm yellow” \|^h is \>b<piined by the* 
precipitation of a lead salt wilh^pdtassjun) dichromalje. Tha colour 
varies with Ihe temperature*of jffecipitation, .being darker when 
obtained from a hot solution. •This diffjrtnce is prob&bly fr^iiily' 
due to the di^erence in the size of the partidlos. As pointed ^ut 
in the intaoduction (Vol. 1 , pag^98), a ooloiyod sifcstanco always 
appears deeper in tint when present in largu grains than when 
present in small ones. In gencAl, Srystal-particles ait> lik^yJo*bc 
bigger when produc<id from a hot solution than when prodfioed 
from a cold solution ; for the “ degree of .supersatura'lion ” at the 
moment oi mixing will be less in the hot solutions, and tho^nimber 
of nuclei produced is therefore likely to bo smaller. ^ . 

Wh^n chrome yellow is treated with causUc soda, a reddish 
basic leaTl chromate (said to he I’bCrOj.Pbff) known S.s chrome red 


is obtained; in this case, the change of colour is.due Jo change 
of chemical c^mpo.s(^iQa^and not due to the physical state.* A basic 
zinc chromate obtained by precipitating hot neutral zinc sulphate 
with potassium shromati: is also used as a pigment under the name 


zinc yellow. ' , 

Chromic oxide {Cr.^ 03 ) *forms a valuable green pigraenjf. Here 
again, the colour varies w*ith the mode of prejiaration. When ob¬ 
tained by heatiitg ammonium diohromate a fine colour is obtained. 
A cheaper method is to heat pota.s.sium (or sodium) dichromato with 
sulphui’, and to wash the product free from caustic alkali; the 
product is less satisfactory as a pigment, but serves for use in glass. 
If potassium dichromalK; is fused with boric acid, a potassium 
oliro jkio borate is obtained, w'hich, on treatment with water, hydro¬ 
lyses, yielding a variety of chjjomic hydroxijjc possessing a fine 
green colour. The product, which is kn§wn a? Ouignet’s green, 
almost invariably contains some boric acid, and may be regarded, 
if preferred, as a basic chromium borate.^ 

Chrome jjfeen, along ^^h zinc, borate and linseed oil, i* a con¬ 
stituent of a preparation receiftly recommended in Amegica for the 
fire-proofing of wooeV 


Chromiurn^n Ste»l. Probably the niost importa»t.^d(ji»and for 
cltrormum is for use in tlfe manufacture of speciaf steels.' It is not 
added in the pure state to the mjilten steel, b»t as an alloy of iron 
and chromiun)*knofV'n as fe.rr^chromc, whiclj,, like most ferro-itHhys, 
is made in the electric*furnace by riWuclng,thfi f(«ides of ironaml 


1 Compare E. E. Free, J. Phys. Chem. l3 (1909), 121, who also discujses 
the variation of colour with the concentration qf thetpiecipitating solutions— 
a subject regai-ding which the facts Jl-efess easy of %temetatiyu. 

“ See also F. Kos(i “ Mineralfarben " (8pam?r). * 

> X ^oc. CAsm./«a. 39 (1920), 379b. • 

M.O.—VOL. II. * ‘If 



322 METALS AND METALLIC 'COMPOUNDS 

V j * . * 

"chromium wic‘-.h>carboIi.t The jjresence 91 a small quantity of 
,chron>i«m has, an impottart epecifiiC effect- on steel. Chrome 
vanadium steel, liCipg both hard Jind (lorong, is now us4d in.the con¬ 
struction of locomotive >vheels, axlb-shafts, gears and springs ; its 
• properties can ,})e vaiied to an astonishing extent by proper heat- 
treatment. Chtome-E;ickel steel i 8 ''..sed in automobile construction, 
as well as for armour-plate and t^m tips of shells; it is excellent 
for case-hardening. Chrome-tuligsten steel or chrome-molybdenum 
steel is used for high-speed tools. Lastly, many stainless cutlery 
steels contains chromium. 

All tbcBo materials will be discussed further in the section on 
steel (Vol. HI). Nichrome, an important alloy of chromium and 
nickel, is referred to in the section on nickel, whilst itdlite, 
another alloj containing chromium, is mentioned in the section on 
cobalt. , , 

Other-iUses of Chromium. As already stated, chromium salts 
are used a-s coloui iug agents in the manufacture of glass and in the 
ceramic industry. The colour produced varies with the state of 
oxidation, the state of aggregation and composition of the material 
to which, the chromium is added ; in ceramics, chrcinium normally 
produces a green colour, but in alkaline 'glazes 'it causes a yellow 
colour (no doubt due to chromates, which become stable in the 
presence of alkali). 

Chromium salts are, like aluminium salts, used as mordants in 
dyeing. 



MOLYBDENUM 


MOLIBDENUJVI* 

Atonjic wJeight,^ . 

Th^'Mfetal 

Molybdenum resembles chromium in general properties. It is*a 
silver-white metal, taking a good lustre; tlje pure metal js fairly 
malleable when hot and only moderately hard, but it is rendered 
muoh,hardcr by the presence of carbon. Like chronfium it has an 
exceedingly high melting-point (2,450° C.). • * , 

Although superficially oxidized at high temperatures the metal 
is not perceptibly altered by expos\iro to the atmosptuTC itt ordinary 
temperaturp^ excefrt'ln the vi%y finely divided condition. Prob¬ 
ably there exists upon it a protective oxide-film, The metal, no 
doubt for a similar reaspn, is not readily dissolved by acids, although 
nitric acid, conccntratccl Sulphuric acid and hydrofluoric acid 
attack it perceptibly, dt is easily brought into the “passive ” 
state, either by anodic treatment, or by immersion in oxidizing 
agents, such aS chromic acid. It is notcwcirthy that treatment 
in 20 per cent, hydrochloric acid renders active molybdenum passive, 
whilst treatment with potassium hydroxide is most effective in 
restoring the activity.^ These facts—which represent the gxact 
converse of the state of affairs met with in the case of iron and 
nick3—are at once understood if it is agreed that the*pas.sivity is 
due to an exide film. The oxiift of molyb^cnffm^s soluble in alkali 
(forming a molybdate), but not freely soluble in acid* the oxides of 

iron and nickel are soluble in add but not in alkali. . 

• *• 

The anodic behaviour of molybdenum is of some little interest. 
A molybd^um anode sifrroijnded by a bath containing sodium 
hydroxide or hydrochloric acithpasses readily iijto solution. But if 
iodides are pijescxit in the “Sohition, the, production of free iodine 
takes place a» veil as°th 5 dissolution of molybdenum^ • Ikf the case 
ol a dironiium anode, it will lx? remembered, potasSium iodiSe has 
a similar effect in^ lowering th# current efficiency of adodje, dis¬ 
solution, thtf (5fect beipg actually more complete ^than in the case of 
molybdenum. ' 

In the absence of iodides, tlie anq^ficf utissofution proceeds f^ijrly 

• 

^ W. Muthmaim and F. Fraunberger, Sttzut}(/sbeif Bayer. Akad. 3#,(1904), 
217. • ^ ^ • 

* h. Marino, Qa7£Ua 35 (1905), ii. 193. also B? Kuessner, Zejtach, 
EUktrochem. 16 (19i0)» 764. 
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teadily ; in alPaiUlne solutions, th^,amount .dissolved agrees, at low 
cuirent«densitie 8 , with thM wilcuktedj-from Faraday’s Law on the 
assumption that molybdenum parses into the solution Kn a hexava- 
lient cthditioii (producing a, molybd^). But if the, qirrent density 
becomes too h^h, oxygen is evolved, the molybdenum becomes 
passive, and thV curncnt efficiency' drops off' this occurs more 
readily at low temperatures than iff a warm solution. 

Li^lforatory Preparation. It is possible to prepare molybdenum 
fAwj the tri(?xido on a small scale by mcaift of the “ thermite 
reaction,” aluminium being used as reducing agent; the addition 
of liquid air to the mixture of molybdenum oxide and "excess of 
aluminium h& been advocated in order that the tomporaturq may 
be raised, during the reaction, well above the melting-poiqt of the 
molybdenum. However the yield is always low owing to the 
volatility bf the trioxide. ^ 

When inolybderium oxide is heated with carbon in the electric 
furnace a better yield of metal is obtained, but the product is apt 
to contain carbon. It is possible to obtain the irietal in a purer 
state by,heating the oxide in a current Of hydrogen. If the trioxide 
{M 0 O 3 ) in the material employed it is first,reduced to a lower oxide 
by heating in hydrogen in a glass tube, care being taken not to 
allow the temperature to rise unduly high and thus cause loss of 
the volatile trioxide by sul[tlimation. The lower oxide is then heated, 
far more strongly in hydrogen in a porcelain tube, and is thus 
reduced to the metallic state ; the hydrogen must be dry and free 
from' oxygen. The operation is continued until no more water 
vapour is oarried off by the gas-stream.^ The product, however, 
still contains traoqs cf oxygen, which can only be removed by heat¬ 
ing for several hours in a current of hydrogen at a temperature of 
2,250° C.; when quite free from oxide, the finely divided metal 
can be pressed quite (miljl into sticks.^ , 

' b 

Compo^nd 8 

Most of the best developed eompo>.nd!i of molybden,um correspond 
to the tfioxide (M 0 O 3 ), which has marked acidic—and feeble basic 
—properties, being in many r.espects similar to the analogous 
chrqniium trloxide (CrOj). A (hoxide (MoO..) and sesquioxide 
(MojOa) are known,; they have apparently,weak basic projjcrties. 
Tiicre are also a few c'ompounds corresponding to the oxide MoO. 
Inte''mediato oxides (MoJ'Je, and iMojOs), as well as various 

^ A.,Utavenha^n, BeL 32.(1899), 3066. 

* Seo H. JSloissan. “fTrait^ de Chfmie Miiljrale ” (Masson), Vol. IV. 

® Wolf, Dissertation, Aachen (1918); Abstract, J. Soc. 114 (1918), 

ii. 350, 
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peroxidej, have been vrcpared. It wil? W oonv^ni^t to describe 
the derivatives of ttie 8tab|o trifeidft (noOa) first. 

A. Compounds of Hexavalc.nt Molybdenum. 

The trioxide, SloOj, is formed, when thft finc^ ctividecl ijietal* 
or one of> th^ lowct oxklcs ik‘ .heated stro^jgly itf air. It is more 
conveniently prepared by rosscing the disulphide (MoSj), or by 
igniting ammonium molybdatt: Vnlike the ohronftum anjil(%uo, 
it is colourless at lower temperatures, although it becomes fellflw 
when heated. It is fusible at a red heat, yielding a red-yellow liquid,, 
and is distinctly volatile even below the nnclting-poiiit' It can 
therefore be purified by sublimation, preferably,conducted in"^' 
platinum vessels, since the use of porcelain generally causes the 
sublimate to bo contaminated with silica and alurnftia. The sub¬ 
limed oxide is very voluminous. , , 

The hy^fated ^o.X''J«, generally known as. molybdic acid, 
H^MoOi-HjO, is ])roducod as a white or yellow crystalline mass, 
when a solution of a molybdenum salt is allowed to hydrolyse 
spontaneously, or when 4 solution of ammonium molybdate is , 
decomposed with nitric dcid. If, however, the molybda^S solution 
is very dilute, find is Secomposed, preferably, with hydrochloric 
acid, no precipitate will bo seen, and, after removal of tho am¬ 
monium chloride and excess of hydrochloric acid by dialysis, a 
colloidal solution of molybdic acid is left, which can he evaporated 
without flocculation. This concentrated colloidal solution is, as 
u.sual, flocculated by the addition of an eleotrolytc. If the soiution 
is craporated sufliciently, a gummy residue is obtained ; when 
completely dried by standing,over suljjhuri^ acid, it is stated to 
have the composition H,Moj 07 . • • ^ 

The molybdates are formed when tho trioxidc is fused with 
alkalis, or with alkaline carbonates, or.dissolvcd in afsohition of an 
alkali. T,he soluble stflt? are iS()r file most part eolourlesa. The 
tendency to form anhydro-sSlts is even more marked, than in tho 
case of the chromaUs. Fo*Vistanco sodium»normal molybdate 
(NajMoOj), dirnolylbdate (Na*Mo 207 ), krlirfolybdgte (NajMojOio) 
«,re {ill obtained by fuslhg the trioxido with tho r^qufeife quantity 
of sodium carbonate, and purlfjgng the prodijct by rccrys^allization. 
By the ad^tion of the proper amount of acid to solutions ef the 
normal molybdate^ Mlowed bybrytiallizaf jon? 41^! tetramolybdate 
(NsjMojOjs), octamolybdate (NajMosOTii) and decamolybciate 
(NajMoioOai) can be obtaind^J.^ The fcotassium salts^ro jffre^red 
in an analogous way. When a solution of *iolyb(Jenum tripxide in 

• * ^ 

* G. Wempe, Zej^h. Anorg. Chem. 78 (19lS), 298. C^nsulfclilsft th^views 
of A. Rosenheim and J. Felix,* Anorg. Chem. ^79 (1913), 292.* 
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ammonia is cwstAllized* tjie salt, normally eftained is tho^ so-called 

“ common ^moniuifi «moliybdnte,” (NHjjeMoj'OjiAHjO. 

Various pthcramjaoiiium»molybdS.tes,^)btainable by cfystaHization 

llom <Sstinctly acid or 'distinctly animoniacal solutjons, are also 

known. ► ' ' 

The insolubleViolyb^latcs are ob^dnod, as usbal, by,preeipitation. 
Those of calcium and barium iiVe white. Lead molybdate, 
PbSloP,, is pfoclically white wlfon^)btained by precipitation; but, 
it, produced by fusing solid lead chloride with sodium molybdate 
and sodium choridc, it is distinctly yellow, although possessing, 
apparently, the same Composition. No doubt, the correct explana¬ 
tion is similaii to that given to account for the variation in colour 
of lead chromate, the hot process yielding crystals of moderate size, 
whilst the ultfmatc particles of the cold process are extremefy small. 

The mopt repaarkable featun^ of molybdenum trioxide is the 
series of addition ‘products which jjt forms v/it]} orthpphosphates. 
These arc known as phospho-molybdates and are yellow insoluble 
bodies, usually containing 12 molecules of MoO, to every (PO,)'" 
group. For instance, on adding exceys of'ammonium molybdate 
to a dilutf solution of phosphoric acid containing nitric acid, a yellow 
crystalline prccij)itatc of ammonium" phospho-molybdate, 
(NH 4 )jP 04 . 12 Mo 03 , js produced. This is dissolved by ammonia, 
and by crystallizing the solution, more soluble (colourless) salts 
containing a smaller proportion of molybdenum trioxide are 
obtained, c.g. 2 (NH 4 );,P 04 . 5 Mo 03 . 7 H 20 . Ammotiium phospho- 
molybdate is undissolved by ordinary acids) but aqua regia attacks 
it slowly, yielding a solution from which various phospho-molybdic 
acids, containing PjOi-,, MoO., an(;( H^O in different proportions 
can be obtained 'oy cryt^tallization. 

As has already been stated, molybdenum trioxide has feeble 
basic, as well'as acidic properties. When a solution of a molybdate 
is treated with sulphuric acid .of moderate concent''ation, the 
molybdic acid, precipitated in the finst instance, redissolvcs in excess 
of sulfdiuric acid, yielding a colour/ecs^ solution. Even the anhy¬ 
drous oj^idc, J'toOa, (lissolves in ho't concentrated sulphuric acid. 
It is pot p()s^ibje to obtain solid normal sales from the solutioij, but 
a basic, sulphate, tMoOaSO,, apd a volatile basic chloride, 
MoO^Cla, have been .'solatcd. The chloride. Mode, never been 
obtained oven in,jthc dfy way. but a fluoride,! MoF’e, is prepared 
by the action of fluorine on metallic molybdenum at 60-70” C.; 
the 'linfely divided metal 'is- placed irf' a long platinum tube and a 
currenftof fluoripe is jx^esed through the tube, which carries forward 
the hexafluoride lintb a dry glass vessel cooled to — 70°C. in a 
■ 0. Raff and F. R-sner, Ber. 40 (1907), 2926. 
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carbon (^oxide-alcoliol,mixture^ ^'1 fi^ioride i»,a^hito solid at 
low temperatures, Ixit melts aV I’i" b4ls at 35° C., and ij hydro¬ 
lysed by w^ter, suffering a# the same tipjc i^diiption to ^the bluo 


lower oxide. ^ 

An important insoluble silt of hexaWer/t molybdenum is the, 
sulphides wllich is obtablbd as a browji precfcitate on patsing 
hydrogen sulphide gas througli»a solution of apimonium molybdate 
to which hydrochloric acid lu* Ufeen added. .Like»the su^[)hidcs 
of tin, antimony ard arsenic, it is dissolved by alkaline sulpfaides, 
and from the red solution.s thus produced, rod cryst!l!l 8 of the ttiio- ^ 
molybdates are obtained. Potassium thiemolybdatCi'K.iMoS,, 
for instance, can bo crystallized from a solution oj molybdenum i 
trisufphido (M0S3) in aqueous potassium sulpljide, or from a solu¬ 
tion of ’ potassium molybdate saturated with hydrogen sulphide ; 
it forms deep red tablets. 


• • - • 

B. Intermediate Oxides of 

and Derivatives. 


Molybdenum (MoOj.reMoOj), 


When a solution of a ^ndlybdate is reduced with sulphyr dio.xido 
or stannous chloride, a blue solution is obtained. If thi^reduction 
is brought about by zinc, the same bluo colour is produced, but 
in this ease, the reduction proceeds further ; df time is allowed, the 
bluo colour will change to brown and finally to black, compounds 
of tetravalent or trivalent molybdenum being produced. The 
blue solution must be regarded essentially as a colloidal solution of 
a. blue oxide. ^ The filue oxide is often deposited spontan%usly 
when the solution is allowed to staTuI, but the formation of the solid 
is hasterfed by evaporation, tir by the^adchtjpn of concentrated 
hydrochloric acid. 'I’he composition is generally aonsidered to bo 
MojOe, although it varies somewhat with the conditions of prepa¬ 
ration. It is probably correct, however, to regard if as a molyb¬ 
denum iftolybdate, fofme^ liy the combination of iftoOj and 
MoOj in various proportioni^ for it can also be prodTiced by pre¬ 
cipitating the solution of'a Jalt of tetravqjcnt molybdeifliih with 
^ ammonium* molybdate^ 

A method of obtaining tli® blue oxide tree from cleetrolytcs 
consists in treating a suspeifcion of the’trioxide,. (M 0 O 3 ) with 
metallic ulolybdenu^p. Aolup liquid i 8 ,ohfained, which 'yields a 
solid oxide approximating to the cdlnpo 8 itiDn*lVfc^Oe or M 02 . 2 M 80 j. 

When treated with hydjogen chljrido gas, the .blue, solution 
deposits the blue oxide, a* stated above; excess of hydrogen 
chloride, however, causes^t to split u^ into molybdic acTd, and a 

> ’a. Dumansbi, Koli. Z4tach. 7 (lO'tt), 20. 
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lower chlorid^ (gcobably ttfoClA which imparts a yellow-brown or 
green oplour to the liquidV ,, f <■ *“’ • “ 

When a hot' splution jpf molyfoden/im trioxide in fconcentrated 
sulphuric a^ is reduced *with hydrogen sulphide, the liquid becomes 
first blue and then green, 'depositing &s it cools dark green crystals 
of ^ne composition MP 2 O 5 . 2 SO 3 , ^fcich arc only slowly soluble in 
water.“ , 

D. Cjip^nipounds of Tetravalent Molybdenum. 

The dioxide, MoOj, is formed when the trioxide is heated for 
some htrars in hydrogen at 470° C. The heating must mot be too 
strong, or the^trioxide will sublime away unchanged. Any trioxido 
which remains in the product may bo removed by heating in a 
3urrent of hydrogen chloride, which converts it into thd highly 
eolatilo ox^ychloride, MoOjClj. The dioxide is a brown crystalline 
mbstance,. when pure, but is frequently foloured blue or violet 
shrough contamination with other oxides. A dark red hydroxide, 
V[o(OH) 4 , resembling ferric hydroxidh, is produccd.when the salts 
ire precipitated with ammonia ; there i^, a marked tendency towards 
the formation of colloidal solutions. ‘ 

Possibly because the anhydrous oxide is usmtlly prepared at a 
high temperature, it dissolves only with difficulty in acids. Salts 
if tetravalent molybdenum are, however, thought by chemists 
to bo formed in solution upon the reduction of the salts of hcxavalent' 
molybdenum with zinc. As has been stated, reduction with zinc 
lausw the colour to become first blue, then green or brown, then 
brown-black. It is generally considered that the green or lyown 
stage corresfionds to the salts of tetravalent molybdenum, although 
—as has already bton poonfed out—greenish compounds have been 
isolated in whibh the molybdenum appears to be pentavalent. 

The most .important insoluble compound of tetravalent molyb- 
lenum iij the sulphide, M 0 S 2 , lyhich i^j, 'preferably p.;;epared in 
he dry way;, by fusing the trioxide With sulphur. It is a black or 
ead-gfe^ substance, having a motallijj lustre, qnd is one of the most 
stable of molybdenul'n compounds,* as is illustfatech by the fact 
hat it is tlfo form in wljich molybdenunt- is commonly foupd in, 
lature. 

D. Cfompounds of Trlvalent MolylJilenum. 

Vhe final effect of the action of zinc upon salts of the trioxide 
(MaGlal'is the production* d; a* brown-black solution, which seems 

* M, Guichard, 'Ann. Chim* Physi 23 (IQOl), 537; Gomptes Rend. 143 
[imt 744. I* ^ ‘ 

’ Bailhacbe, Compos Rend. 13^(1901), 475. * 
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to contain salts o'f* ,trivalent ib^lycfsnum. ^’hj hydroxidCj 
Mo (OH) 3 ^ is obtakiei by pr^ipiteti'J4i with ammonia a« a 
brown precijitate,*and leaves the black, anh^djous oxitfe when 
carefully ignited. Both ojiides and t salt solutions * J)econ»f 
oxidized when ex^sed to Eie air. The soluble ^salts cannot be, 
isolated. i * 

The trihydroxidc is also fornaJid in small Quantities as a deposit 
on the eathode when a solutioniof A higher molybdehiim conyiosind 
is electrolysed. « 

The corresponding sulphide, Mo^Sj, has been prodsiced by heat¬ 
ing the disulphide in the electric furnace. • • 

E. Compounds of Divalent Molybdenum. ^ * 

The preparation of the yellow chlorid'e, MoCl.j» is described 
below along with the other chlorides. It yields a yellow solution 
in sodium hjfdroxide .which on boiling deposits ^ black precipitate 

of the hydroxide* Mo{OH) 2 . 

* • 

F. Highly Oxidized Compounds of Molybdenum. 

When a molybdate, er molybdenum trioxide, i.s treaied with 
hydrogen peroxide, a yellow solution is produced, which Contains a 
permolybdato or permolybdic acid. Some of these, including the 
free acid IKMoOj, and the potassium molybtlate-permolybdate, 
KjMoOs.SMoOa.SHjO, have been isolated in the solid state, pre¬ 
ferably by evaporation in vacuo. 

Persulphides of molybdenum and their derivatives are also kpown. 
Wheji potassium dimolybdate{K 2 Mo 207 ) is saturated with hydrogen 
sulphide, one would expect to get M 0 S 3 or KjMoS?. Actually, 
however, *onc obtains a mixture of lowSrrfiuljfliides together with a 
compound richer in sulphur, namely the red per-tfliomolybdate, 
KHM 0 S 5 , which happens to be rath^ insoluble. the action 
of hydrochloric acid, the corre^onding per-thiomolybjjic acid, 
HjMoSs, IS obtained, which yields the brown tetrasulphide, 
M 0 S 4 , on heating. , • 

Compounds dbrtved from a»i even higher.sulphide (Mo^n) are 
formed by the action *if yellow ammopium splphid* ^Sontaining 
polysulj)hides) upon solution^ qf ordinary thionfolybdateS. The 
potassium salt, KMoSj, s(^arfttes in brown^ crystals -rt^ich yield 
the acid, H^^oSa, pn treatment.with hydrechloyc acid. 

G. Miscellaneous Compo«jpids. 

Chlorides of Molybdenum.' rsinfe yie cnioricies op moiyn- 

• * • * * 

^ K. Wolf, Dissertation, Aachen, Abstra^, Jf^h(»n. So^. W4 4^918), 
ii. 360 • 
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<denum canned bn isolatcjl froii. solutions ti| Ihe various^oxides in 
hydrocbloric acid, theyV.mjist /be considered separsfoely. The 
hcxachloricte (Mf'Cli) iii unknown, although 'the dbrresponding 
^uoridc 'haAjcen isolate(*. The pefttachloride.^^MoCJs, is obtained 
by the aiction of pure'chlorine on the heated’metal; the metal used 
must be absolu^ily fr^e from oxyifeli, or oxychlorides will be pro¬ 
duced. It is a black crystalline suottance which yields a red vapour 
of liopniil density when heatdd. ^ When heated in a current of 
lvydi«>gen at 250° C., it decomposes, the redctrichlorlde, MoCU, 
bciflg formeef' D the trichloride is heated in a current of carbon 
dioxide'it also breaks up into the dichloride and tetrachloride ; of 
these the voljitilo tetrachloride, M 0 CI 4 , passes away, and can be 
collected as a brown powder in a cooled receiver, while the pale 
yellow dichlcride, MoCl.^, remains behind. 

Carbidesd <It is well known that molybdenum pr<;pared by 
means of'carbon is apt to contain carbon, ’(TfKdi.eauses«considerablo 
modification of properties, rendering it darker, harder and more 
brittle. The metallography of the molybdenum-cairbon alloys has 
not been fully worked out, but it is stated that two definite carbides, 
MoC and Mo^C, exist. They are lustrous, crystalline bodies, white 
or grey in colour. A hard double carbide, EejMoaC, occurs as an 
important constituept of molybdenum steels. 

Carbonyl.2 The volat'le carbonyl of molybdenum is of especial* 
interest in view of the formation of similar carbonyls by metals 
like iron, cobalt, nickel and ruthenium, which will be considered 
shortly. It is, however, not produced easily, a special retort cf^able 
of standing high pressures being required. When finely divided 
molybdenum is hy,af)cd C00° C. i'l a stream of carbon monoxide 
under a pressure of over 150 atmospheres, the gas carries off a small 
quantity of niolybdenum carbonyl, which can be condensed as 
white crystals, if the gas is allowed to pass qut through a well-cooled 
glass tube. The crystals can be svjbli&ed in an atniosphere of 
hydrogen or carbon monoxide at 30^0° C.; they have a composi¬ 
tion which is most Byarly,^represen{ed'by the foimqla MojfCOlae, 
although the discoverers assigned the fyirnlula Mo(CO )6 to the 
carboliyl. ' ' • ' • 

. ' ' . 
t. ' • ^ Analytics/! ' ■ 

(Solutions of '.n'olybdates, ‘previously acidified, give a yellow 
precipitate ,jvith sodium pl^sphate, a^id are coloured first blue, then 

' H. (Moissan and K. < Hoffmann, Comptea Rend. 138 (1904), 1658; H. 
Moissarf, Comptea^Benc^ 120 (1896),'16120. e 

® L. Mend, H. H.rtz knd M. D. Cowap, Trans. Ckem. Soc. 97 (1910), 798 ; 
K. D. Mond and A. E. Wallis. Trana. Chem. Soc. 121 (^1922). 29. 
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green or l^own, and lastly brownisli-Clac*; when Jfei^ed With zinc;. 
Other tesra for molybdenum •arp b|sei|t oil the ;^recipit^tion of 
various-insoTuble-molybdate^, by interaction,'vv^th si^ of lead, 
barium or m^rcur;^. • ' » ' *» 

A very sensitive testier mtlybdenum depends uj)pn the addition, 
of potassium JhiocyAnato, /diluted by a small piei^ of zinc, t(^ the 
solution under examination. Biferric iron is,present a blood-red 
colour may appear before zinc i* aiSdod ; but the re’ductidn jaiiteed 
by the zinc soon removes the colour due to iron ; if molybdenjim^is 
present, a crimson coloration, probably due to Mo(SSN)a, appears 
after a f#w seconds. The test is most sensitive if the sdjution is 
nearly neutral.^ , 

The trioxide of molybdenum has but feeble Ijasic proiKirties, and 
molybdic acid is easily precipitated by the addition (rf an acid to a 
solution of a molybdate. Thus these is but little difficulty in 
separating rgolybdjmii',vfrom tjie more basic metals. Oiythc other 
hand, the separation of molybdenum from other elements with 
acid-forming oxides is more difficult. The separation from tungsten 
is specially important*. Ope method depends on the fact that 
molybdic acid (in the flVshly precipitated state) is dissolved by 
sulphuric acid of* speeiffc gravity I -378 when warmed, whilst the 
tungstic ac^d lemains undi.s.solved, the basic properties of the 
trioXide being even more feeble in the case of tungsten than in the 
case of molybdenum.2 * 

The separation from vanadium depends on the precipitation of 
molybdenum as the trisulphide (MoSa) when hydrogen sulphide is 
passtd through a solution containing both vanadates and molyb¬ 
dates, acidifhxl with sulphuric,acid. The sulphide caii be filtered 
off, ignik'd cautiously and weight'd as *he trifexide MoOj. Care 
must be taken not to raise the temperature too liigh, since the 
trioxide is volatile at a bright rod iicpt. », 

In gcnei^l, after the ^^aratitjji of other metals, the molybdenum 
is brought to the state of rt molybdate, and is then,precipitated 
with mercurous nitaate. mercurous mtilybdate produced is 

ignited gently so as Jo drive off mercuiyn and The rcjjjdue is weighed 
•as HJoOj. * • ^ . ',***. 

A volumetric method of Estimating mojybdenum depends on 
reduction to^he pcntavalent state by means pf potassium itxjide in 
the preseneff of hydrochloric &cid,and ^bspqijpnt titration with 

* J Moir, J. Chem. Met, Mm, 

* M. J. Ruogenborg and E. F. Smith, J. j\mer,%Ch€m. Soc. 22 (1^00), 772. 
According to F. P. Treadwell# (“ Ai^ytical Chemi|try '•) c6ncent/btod sul¬ 
phuric acid should be used for the digestion^of tHb oxides and then ililuted 
with three parte oi water. 
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cpotassiuin p^'-n«nganat^, i’ol details thp original paper should 
be conpultedA S , ii ■' < * 

'i ' e ' ■ ' ' 

V,, / \ ^ 'Teepestbial Occurrence 

Molybdenum and '•tho Wo succeeding dements, tungsten and 
urahium, are *sociated commonly- with the acid ^ocbs such as 
granite, and thus present a contmst to chromium, which occurs in 
bade j.rOcks. This “ magmatib (Opposition” between chromium 
ajid fits homologucs is somewhat remarkable, but there is an analo¬ 
gous case in Vhe previous group ; for vanadium is found mainly in 
basic refeks, whilst nkbium and tantalum occur in siliceous rocks. 

Besides thyir occurrence within the granitic rock itself, molyb¬ 
denum minerals arcTrequently found in quartz lodes and pegmatite 
dykes that spring froni acid intrusive musses,^ In other cases, tho 
origin of ^the molybdenum minerals must be attributed to the 
impregnation of the country rock l^y raoljdjtletmm-bejiring waters, 
no doubt also originating from an intrusive mass. 

The most important mineral is the sulphide. 

Molybdenite . . ' ., . MoSj, 

which occurs in crystals or fine flakes and Ip-anulek, having a greyish 
metallic lustre similar to that of graphite. In the qxidized portiono 
of the veins or rocks,* the weathering of molybdenite and pyrites has 
given rise to tho hydrated molybdate, 

Molybdic ochre, perhaps, 2Fej(MoOi)3.15H20. 

* » 

The formula given above must be accepted with cautionysinco 
the compoSdion is variable. The ochre is sometimes described as 
molybdenum oxide,'’butftfie iron appears to be an essential con¬ 
stituent.^ '* 

The most jviportant molybdenite ores occur in Australia (Queens¬ 
land and Now South Wales), Canada (Quebec), the United States 
and Norway. < 

Lead molybdate 5s also found in' paturc, .being known as 

, ^ Wv.lfenite ’ . ‘ ^ , PbMoQ,. 

* ' ^ ♦ * 
It is d yellow ftiincral, often moce Vk" less transparent, and havirtg 

an adamkntine lustre. ' ^ , 

« ■ ' ' * < " 

F. A. Gooch arfa 0. S? Pulman, Amer. J. Sci. 12 (1901), 449. Another 
volumetric method of estimating molybdenum, depending on reduction by 
zine,Vs described by J. P. Bonaifli And E. Barrett, U.S. Bur, Minea^ Techni¬ 
cal Papw, 230 (1920). „ 

* SedE. Thomson, Econ. Oeol. 13 (dOllS), 3p2, who described three different 
typea.of deposits. l.lsoF. W.'Horton, U,S, Bur. Mima, Bull. Ill (1916). 

• W. T. Schaller, ^mer. J. Sci.,.23 (1907), 297. 
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TitHNOLOCaVAND UbES 

• * \ 1 f 

Of the min%rals-jdst meritiojjied, the sulphide has most importance 
as a source of^molybienum, although wulienite afso h« bfejn em, 
ployed in the United States.* * • j 

In some.ca8js, other metals'•fcur along with mcjiybdenum ; Hhe 
Australian deposits, for instance,Vhich suppAe^ 7(/per cent, of the 
world’s needs up to the time ef the war, contain* tungsten and 
bismuth. 1 ^ 

In most cases, the molybdenite occurs in compamtively small 
flakes or granules embedded in • • 

a quartz-reef or distributed 

through granite or pegmatite. * 

Thus ifi nearly every case ‘/y 

some sort of concentrating 

plant must ^bo installeji, pre-^ 

ferably near the mine, which f 1 I 

will eliminate part at least (5f 

the valueless matter, and pfo- 

duce a material rich enough to • 

be sent to the sihelter.' The * 

■process cf cor\pcntration cm- Pulpand 

ployed wifi clearly depend * h-, 

upon the character of the ^ ^^ Y 

gangue.minerals, but by far c j u 0 0 I I u 

the most usual system *)f con- ^—p 

centaation is that of flotation.^ W 

For many ores, the Elmore * 

vacuum process appears * 

esp<!cially suitable. The ore ii| y* 

is finely ground in a ball-mill Conce^-t Taihngs ,, 
with a sm^l quantity ef mine- ^ 

oL .„d kcr»„., .,,<1 tho |.„V v";™!;;"* 

produced passes 07i to < 

mixer A (Fig. I’l* whence it'^lows continuaily into tlie funnel B 
and js sucked through athe pipe C into,the vessel 1^ ht which a 
vacuunj is maintained by meatis of an exhaust pump. Tho reduced 
pressure causes the air di^olvSd in the wa^r to be liber,ated as 
bubbles, and* conijpqaently a froth ^appears ip, the upper part of 


Pulpand 
Vi! i 


,1 It -u 

Conccn-t Tailmgs * . 
tratt 

• Vic.. 17.—Principle of tlw Elmore 
Vacuum Flotatior?# Plant. 


^ S. J. Johnstone, J, Soc. Chem. Ind. 37J(1918), 441e. 

* C. E. Oliver, Eng. Min. J. l99 (1920>, 8<|0’ H. H. Claude?, E.n^. Min. J. 

103 (1917), 786; Trans. Canadian Mm. Inst. 19 (1^16), 124 ; 20 (1917), 121; 
E. R. Woakes, Trans. Inst. M^n. Met*27 (11)18), 184. « • ♦ 

* See T. J. Hoover, “ Concentrating Ores by Floifitio^ ” (puhlialiedi>y the 
Mining Magazine) fl016), Ch. VIII. 
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,the vessel. I 5 tfie froth, each bubble o| air is surrounded by a 
thin film of oil. The pf,"tides of molybdenite cling "i/O the oil 
films surrounding the bubbles, end ttius remain suspended in the 
froth,, Tvnilst the gangue.jparticles sink to the bottom of the vessel. 
The rakes E at ached' to a rotating shaft gradually work the worth¬ 
less' particles at^thc bottom to thy dge, and they pass out through 
the pipe F, whilst t^o froth, bearjrig the precious molybdenite par- 
tiohs, overflows continuously and emerges through the pipe G. 

,Tlp.s process is worked successfully in Norrsay. Where the ore 
contains othei svflphides, such as pyrites—as in Canada—there is a 
tendency for these other sulphides to adhere to the froth as well 
as the molybdenite. It has, however, been found possible to 
separate molybdenite from pyrites also, by flotation under appro¬ 
priate conditbns. 

Molybdenum in Steel. Most of the molybdenum concentrates 
are used for the 'raamifacture as the all*y w'th iron known as 
ferro-molybdenum, which is largely used as an addition to steel. 
It was at one time usual to roast the sulphide to oxide, and then to 
reduce the oxide with carbon in the clectfie furnace, iron or iron 
oxide being added to the charge. The roasting of molybdenites, 
however, presents difficulties owing to the volatility of the oxide. ^ 
It is perfectly possible to reduce the sulphide witheut roasting, by 
mixing lime with the charge ^; practically the whole of the sulphur , 
passes into the slag as calcium sulphide according to the equation, 

M 0 S 2 -b 2CaO -b 2C = Mo -b 2PaS -b 2CO. 

This process is actually used, in Canada and elsewhere, folf the 
manufacture of ferr<^molybdenum., 

High-speed tool'steels'containing molybdenum are very similar 
to those containing tungsten, but for a long time tungsten was the 
metal mainly''li.scd for the purpose, because molybdenum steel gave 
trouble owing to “ seamincss ” atKl liability to crack. ‘During the 
war, however, there was a shortage of tungsten, and molybdenum 
steel was largely cAployed. It sejnis. that'''the .main difficulties 
concerning thig-production' of molybdenum steel in'^/sound ingots 
have been overcome, and rhat molybdenurd steel will in future'hav^ 
an importance at least equal to tliict of tungsten steel. 

Metallic Molybdenum is also mad« to some'extent-by a similar 
prMess, namely the ied;iction of tlie oxide in the electric furnace. 
Vlmere extreme purity is ndt required, reduction of the oxide with 
. ' ' , ' ‘ t ' / 

> A. Stansfield, /. Inst^Uet. 16 (1916), 287. 

’ O. W. Browiif Trans. Amer. Ekctrocheij^. Soc. 9 (1906), 109; B. M. 
Keeney, Tj^ans, Amei\ ifkctrockem. Soc. 24 (1913), 167 ; J. W. Evans, Trans. 
Canadian Min. Inst, gl (1918), 164, , 
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carbon, or ot tiie sulpifl^o with cartoA aiidjime, js possible. It 
stated thit molybdenum contafyng i^e^rbon can to purified by 
heating .with*the osflde. A n^thoij of obtaining pure'me^l depends^ 
on heating the pm'ified oxide is hydi’ogen, in ^le^electric Aynace j • 
the product *s thdn csushed* and screeiied, und a^ain heated at 
1,200° C. for some h®urs.. Thowaetallic powder can now bo pressed 
together in a mould to form a acYcront masif, whiem is “ sintered ” 
by heating electrically, and finrjly«ilicated very strongly «n vacfM. 
This yields compact molybdenum. ^ 

Molybdenum is not naturally ductile, but if required in the fai'fn 
of wire it»can be rendered ductile and fibrous by “ swaging ”—the 
process being similar to that which will be described in the case of 
tung^en. “ 

MolyBdenum has been propo.sed as a material for^the filaments 
of electric lamps, but, as it is less refractory than tungsten, it 
appears to be le.ss suitayc. It is, however, adapted for the manu¬ 
facture of the wire' supports for tungsten filaments, and is exten¬ 
sively used for, that purpose; it is employed also in the Coolidge 
X-ray tidie. Molybdenum^ lias been used as a substitute for 
platinum in electrical cofitact-breakers. 

Of the compounds, aftimonium molybdate has a tcchhical im- 


Tiortance, being used in the dyeing of silk. It has been recom¬ 
mended as’ a disinfectant for treatment of *the cloth of railway 
' carriages. 
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TUNGSj:^N 

A‘^'Omic''weig1it ' '84-0 

The ?![fetal 

Cl * 4 ■ ^ <0 

Turlgsten resembles, on the whole, chromium and molybdenum ; 
it an extrejrioly hard substance, having a grey colour and bright 
metallic, lustre. It has the highest melting-point of ijll metals 
(3,267° it 30° C.) ^ and is extremely heavy, the specific gravity 
being 19d. in its ordinary form tungsten is extremely brittle ; 
the grains composing a piece of tungsten readily part company with 
one another, and intergranular fracture results. It can, however, 
be converted to a ductile, fibrous form by a typo of, mechanical 
work, knbwn as, swaging.” Tho"fact (fiat mechanical working 
renders tungsten more ductile appears, at first sight, contrary to 
the usual rule that mechanical work repders a metal harder 
and less, ductile. The theory of sd'aging will be considered 
further in the technical .section. 

Tungsten crystallizes in the cubic system, the atoms being 
arranged—according to the results of X-ray investigation—on a 
centred-cube space-lattice ^ 

Compact tungsten is permanent in air at ordinary temperature 
and is only superficially oxidized when heated. It is unattacked 
by dilute sulphuric or hydrochloric acid at ordinary temperatures, 
but is quicl-ly dissolved by a mixture of hydrofluoric and nitric 
acids, nitric oxide beinp; evolved,' and tungsten trioxide being 
produced.^ It is slowly attacked by fused caustic potash. 

The anodic Imhaviour of tungsten ■* recalls that of molybdenum. 
In a solutioii'made alkaUnf;’ with sodium hydroxide or even with 
ammonia, the anode is attacked''req.dil/ enough at Ibw current 
densities, ffftluble tungstates being, produced; but it becomes 
passWo'if the current density ex;'«bJs a 'certain value. The 
passivityripii'clCy disappears, however, if the •current-ds shut off. 

In acid solutions, on the other hand, tungsten anodes befcomo 
passive much more 'readily. Am'-anodically polarized tungsten 
aiiodfc Shows a series of interesting colour changes the order of 
the colours which'afjpoir upofl the anode surface with increasing 
polarization are independent of the nature of the bath used, and 

* (t. Langmuir, J. franklin Inst. 180 (1916), 490. 

=''P. Debyej Phys. Zeilsch. 18<(l!fl7), <183. 

< > Vf. E. Rudiir, Amir. Chem. Soc. 34 (1912), 387. 

” * W. E. Koerper, Trans. A.mer. illectrochem. Soc. '31 (1917), 221. 



TUJjpSIJEN ^ 337 

have beer^ttributed tofthe formation of j film coAisfeng of definite* 
oxides on surf»e*e, as follows*— * 

Brown . . attribute(f t® WO a 

Purple .* , ^ittrjbuted to mixturSs of^WOa^nd W2O5 
Blue , . . attributed''ScfWjOs or WsOs . * 

Green . attributed tvWixturea oi*\yjO|,etc., and WO, 
Yellow . . attributed to^WiOa 

There is no doubt .that the yellow colour produced upon a€ull^ 
polarized tungsten anode is due to the trioxide, WO3, but Ihe 
assigning <>f the earlier colours to definite oiides is a mailer con¬ 
cerning which there is less certainty. If the current d(tnsity exceeds 
2 am^s. per sq. decimetre, the anode becomes yellow almost at 
once. The pa.ssiFatod anode becomes active wheit allowed to 
stand in distilled water for .some hours; a solu^on ef sodium 
hydroxide renders it active ujmost immediately^ owing to the 
formation of a solu1[)le tungstate. 

Laboratory * Preparation. Certain technical experimenters 
claim to have deposited tunj^ten electrolytically from the solutions 
of the salts, brft appear ip have mistaken one of the loww oxides 
(WO) for the metal. ^ The failure of all attempts to deposit tungsten 
STectrolyticayy seems to be due to the feebly l*sic character of the 
pxides. The tungsten salts are almost oojppletcly hydrolyzed, and 
tungsten cations can only exist in appreciable amount in the 
jwesence.of a high concentration of acid; in such strongly acid 
solution, the whole of thh current passing is devoted to the proSuc- 
tion of hydrogen, and no deposition of tungsten on the«cathode is 
obtained. , 

The laboratory preparation ot pure tungsten is n®t easy. The 
product obtained by heating the oxide with carbon in an electric 
furnace usually contains carbon, w'hich’materially alfifts the pro¬ 
perties of tlco metal, inc^sin^ the hardness and brittleness. A 
purer metal is obtained by heating the trioxide in a Current of 
hydrogen 2; the p^idtSi ^nd WO^ are {prmed in tufti'and 
finally tungstqfi metaLis obtained, but it*is difficult % jejpove the 
la^ traces of oxygen. TRe fine^ divided*tung8t?!n«thus prepared 
can be melted electrically in vaett^ In a specialtapparatus, tmd thus 
brought to a *oom]^act foruff’ During thg ftJsion, most ol •the 

impurities are elimiaa^d by volatiliiation. • 

• 

^ Compare A. Fischer, Zeitach. J^rg, 198. 

* Fquuibrium diagrams showir^ ^he conditio^ of^quUibrium betwgen the 
difierent oxides and metallic i« presence o^hydfogAi and water 

vapour are given by J. A. M. von Liempt, ZeiU^. Anorg.^hem. t20 (19K2), 
267. • . a 

^ A. Fischer and A. Boderburgpi^et7«cA. Anorg. Chem, 81 (191^, 178. 

M.O.—VOP. II. t 
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^ Com^Aunds 

r,* As in«tlii!,case{of''ni,oljbdenum, nearly all the stable coihpounds 
are dbrived from the trio^fide, WO 3, which has .primarily an acidic 
character. A lower oxide, WO 3, is tnown with some derivatives, 
and many bodi^j knojvn as “ tunfs“ten bronzes ” can bd prepared, 
which rgpresept an intermediate state of oxidation. There are 
four (fnlorides, WCl,, WCI 5 , Wdl. ffnd WCI 3 . 

. ' 

A. ‘Compounds of Hexavalent Tungsten. 

The trioxide, WO*3, is formed when either the fineV-divided 
metal or the lower oxide is heated in air. It is a yellow substance, 
the colour—as is So often the case—becoming deeper, \^hen the 
oxide is heated. An insoluble yellow hydrate, known as tungstic 
acid, HaWO.jfis produced when a hot solution of a tungstate is 
decomposed wit|;i Un acid; but, if the precipitation oceurs in a cold 
solution, a white amorphous form containing more water is obtained; 
this is converted to the yellow form on boiling with water. If the 
additioij of hydrochloric acid is made^to a very dilute, solution of 
sodium tungstate, no precipitate is irrodijced ; afteb removing the 
sodium chloride by dialysis, a quite stable colloidal solution of 
tungstic acid is left, which, like that of molybdic acid, can be 
concentrated without flqcculation until a gummy residue is ob-, 
tabled; this gummy residue yields the anhydrous oxide (WO3) 
on ignition. 

The tungstates are formed by the treatment of the trioxide with 
alkalis, either in the fused state or in aqueous solution. ‘Many 
series of tungstatescarc known, in which the proportioyus of basic 
and acidic qxides vary con.siderably. Sodium normal tung¬ 
state, Na3W0i.2H20, can be obtained from solutions containing 
excess of alkali. But if th6 boiling solution is made nearly neutral 
with hydrochloric acid, or by bubbhng Sarbon dioxidetgas through 
it, the salfr which crystallizes out on cooling contains more WO3; 
it is’khown as coA)mon sodium;t(tugstate, JIaioWi204i.28HjO, 
or 5Na,/C>.^2Y/'03.28fi[20,‘and forms colourless moifqclinic prisms. 
Owing to theceake witff which this sail crystallizes out, at c^n 
readily he purified, Vtnd is the/efore a good material with which 
to Stirt in the preparation of otheF tungsteh compounds. The 
insoluble tungsfcxteS, *ach aivcalcium tungstate, can be formed 
by precipitation. , 

"tungsten trioxide has the* property possessed by molybdenum 
trioxide of combining with or^o^jhos^hates to form addition pro¬ 
duces. When *)d'bla hydrogen phosphate (NajHPO.) is treated 
with sodium tuntotate in tho nresence of acid, tiie vellow nhosnho- 
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i.tmgoi;ttw^x^a.axiP04.12W03.a:H|0! is obtliined*.#* I| less acid bft . 
present, roc white^ salt NasPOi-^WCs.^HjO Bepai^tt.s.* f 
Tungsten trioxido seems tu hate practic<yjly.nj hasic^cljaracter*;^ 
it is almost iqsoluljle in acids, except hy^fluoric adrf If fungstfc 
acid is dissolved in hjWrofluoric acid and potassium hydroxide is* 
added, vift-ioi^ double fl\iorii?“Tj such as aKE.WtJjFj.HjO, can be 
obtained upon crystallization.* • 

A trisulphide, WS3, is kno\^i, ?,nd is best obtaiiflid by pasting 
hydrogen sulphide through a solution of ammonium tungstatt a#d 
acidifying the solution obtained; it is a brown precipitate, but < 
appears fiack when dry. It is soluble in anSmonium sulpfiidc, and 
from the solution red crystals of ammonium tbiotungstate, * 
(NH’)2WS4, can be isolated. , • 

• 

B. Intermediate Oxides and their Derivatives. 

• • 

It will be j’cmenjJjercd'that the partial rcduct«)n of mtiybdenuin 
trioxido and its salts yields various blue products. In the ease of 
tungsten similar intermediate bodies, many of which have a blue 
colour, are known. On reducing the trioxido in hydrogen at 
250-300° C., abluo oxidej apparently of rather variable composition, 
is obtained; some authorities state it to be WjOs, others WjOs. 
It can, </{ jourse, be regarded as tungsten tj^ngstato WOa.wWOj, 

^ Especially interesting are the substances obtained by the partial 
reduction of the tungstates ; these usually possess a bronze-like 
superficial lustre; hence the name, tungsten-bronzes. Tin, 
zinc, iron and hydrogen have all been used as reducing agents, 
whilst some experimenters recommend the electrolytic jcduction of 
fused sodipm tungs'tate. At le.ast threq, different bronzes, differing 
in colour, arc known ; often reduction mfiy givS rii^ to a mixture 
of these compounds. If a fused mixture of sodium tungstate and 
a small amount of tungsten trioxide^is reduced with tin, cubic 
crystals of ,a yellow bidlise are abtained ; if rather more tungsten 
trioxide is present, the product i.s a rod bronze, to which Ahe formula 
NajWjOs has bejm aseribed, .^ilst from still iBorc acid mixtures a 
blue bronze,,.<aid to be Na^WoOic, ap^ars!^ Alkthe^^formulae 
should bo accepted witlt cautipn. « • t, • 

When acidified solutions of’ ^gsten trioxide are treated with 
zinc or tin, g, blue solution i* produced, which-^arguing by atixlogy 
from the case*of nwiljbdenum—cont((unB t^^ ooM(jidal oxide Ws^s. 

If the reduction is continued, howover„*further colour changes are 
seen. A solution of potassiflpi turigstbte containing ‘oxahe ^eid 
when reduced with tin bec*mes,fi^pt blue, ffcen gr,peiv antfifinally , 

’ J. Philipp, Ber.flS (1882), 499. Compare E. S halier, Zeiuc%. Jpory. 
OAem. 38 (1904), M2. I ’i* 
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deep red. Fram-Uie rell solutio^^ doiiblo'-oxalate of p^tavalent 
tungBte? 'Ijavipg the coiipooitiai ^K 20 . 2 Wj'CVi. 4 Ci(V,. 9 Ha 0 has 
^Jbeen isolated aa»va'red'crystalline ^wder. The details of the 
prepatalion ar^ purific&tjon—which presents ^onsklerable diffi- 
'culty—must b(^ sought elsewhere.^ ' 

C. Compounds^of ,T£travalent^rungsten. * 

Whan Ihe tlioxide is reduced *witfa zinc in the presence of a little 
hydrochloric acid, the dioxide, WOa, is formed.as a brown powder. 

, If iftuch acid' is present, the oxide, which has a basic character, 
dissolve^ yielding a purple solution containing a salt, ^he salts 
’ are, however,„difRcult, to isolate from such solutions in the solid 
form. Both salt solutions and oxide are readily oxidized by the 
air. The dioxide has little acidic character ; if treated with alkali, 
it evolves ^lydrpgen and forms a tungstate. The sulphide, WS-^, 
corresponding to it can bo obtained by iteating the Jtrisulphide 
(WS,). 

D. Highly Oxidized Compounds of Tupgsten. 

By adding hydrogen peroxide to a solution of sodium tungstate, 
a yellow coloration is produced, and by Irystallization in vacuo, 

sodium pertungstate, NaWOi.H-jO, is deposited. •> 

• •' 

E. Miscellaneous Compounds. 

Chlorides. As in many previous cases, t,he various chlorides 
are (difficult to isolate from the .solutions of the oxides in hydro¬ 
chloric acid, and must be prepared in a dry way. Four chlorides 
exist. The*hexachloride, WClc, is formed by the action of dry 
chlorine in excess ,nphn Ideated tungsten. If moisture oroxygen is 
present an ox}< 5 hloride is also formed. The hexachlorido is a violet 
crystalline sujistance, melting at 275° C., and boiling about 350° C. 
At low temperatures the vapour density is, normal, indicating that 
the molecule is WCle; at higher t 8 mpcrafures, the density becomes 
abnormally'low—a fact pointing to dissociation into a lower chloride 
and free chlorine. Ttje presence oS nfbisture causes^ hydrolysis to 
oxychlorides sfich as WOCI 4 and W 02 Cl 2 ,,wifh evolution of fumes 
of hydrogen chloride, whilst excess of water causes complete 
hydrolysis to the oAde WO 3 or*-a hydrate; ^ curiously enough, 
neither of the hydrolytv: changes pommence^at ordiflaty tempera¬ 
tures, unless a tAce of^an oxj-ohloride is already present. 

Iff a, slow stream of hydrogen is passed over the hexachloride 
below its* boiling-pdint, the“ pentacMoride, WCI 5 , is formed, and 

^ Q. Q Cf?llenbe|;g, Ct^itschf, Anorg, Ch&nA 102 (1918), 247. Some other 
pentp.valent tungeten (fompounds are deecribed by A. Fiarher and L. Michiels, 

^ Zeitsch. Anorg. Gkent,^l (1913), 102, r,* 
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may be condensed cool rqp'iver. Tbo piwdujt is, howevei', 
impure, alii should te redistillbdfin » current of cafbon^*d)oxide, a 
residue'of the less volatile tetrachloride* loping behind*, 

The pentachlpride, is dark groin, and ^en treated with* trater, 
yields a green solution Vhioh'nydrolysos, gradually depositing ajblue 
intermediate/)xide’ The ted-i'chloride, JVCl„|i3 brown, and, 
unlike most tetrachlorides, scSrcsly volatile;* in ^le presence of 
water, it suffers hydrolysis, yi(Mii% the brown oxide vfOf. * 

If the reduction cf the hcxachloridc in hydrogen is^conduclfed<at 
still higher temperatures, the grey dichlorlde, WCl^, which is also 
non-vola€le, is produced; this chloride evolves hydrogen when 
treated with water. It is possible to carry the reduction even 
furth'er, and to obtain metallic tungsten ,by* heating the lower 
chlorides in hydrogen at a very high temperature. * 

Although the simple trichloride (WCI3) is not kn*>wn,«(fet double 
chlorides, suph as ^WClj.SKCl, have been propajed.'^ A solution 
of potassium tungstate is added in small quantities to excess of 
boiling hydrochloric acid, which is then quickly cooled (under those 
conditions, tungstic acid i.'wnot precipitated to any considerable 
extent). The "solution is'deduced with tin at 40 - 00 ° C., the colour 
becoming first blue, then violet, then rodtlish brown, and finally a 
•dark gretn-y^elhw ; the last-named colour iqplicates the trivalent 
state. The liquid is now treated with l^drogen chloride gas and 
’cooled in a mixture of ice and salt; a crystalline powder, of colour 
varying from yellowish green to yellowish brown, is then deposited, 
which has the composition indicated above. * 

Cafbides .2 It has already been stated tliat the presence of 
carbon in. tungsten increases,"the harc^jiesst J.Vo carbides of 
tungsten, WjC and WC, have been described, being obtained by 
heating carbon with tungsten and tungsten oxide ^respectively; 
they are very hard, g^oy substances.* The carbide *WC^ is best 
known, however, as a coifetitjieift of tungsten steel. 

■A.^lyticai 

The reactions of tungsten compounds,are very sHnifegsto those 
oi molybdenum. Neutral solutions of soluble tungstates‘yield 
white precipitates with salts of«lead or meilury. When treated 
with hydrochloric acid, the/ 3d§ld a precipitifte of tungstic acid. 
If the solution is Ifot the precipitaife is yiSloVt %nd insoluble «n 
dilute acids. If .the solution is cold, Alje precipitate, is wbjte ; 
* 

> 0. Olsson, Ser. 46 (1913), M6. , 

• H. Moissan, Oomptes Rend. 123 (1890), la ; r. vwiiams, uofap^a j^na. 
126 (1898), 1722; J.fi. Arnold and F. Ibbotson, J. iron Sieel Inst. 99<iai9), 
407. 
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addition of mOtaffic zinc ^to acidified *»olution caus^ a blue 
colour. M{,a neutral solufion of 'a tungstate fa- treaty/* with am- 
S^onium feulpJiidejfMlowetl by an'acidf a pale brown precipitate of 
the sillphide, soluble jin kipnipnium sulphide, is. produced. 

The method of separation of tun^en from other metals is the 
same as that of ^,olyb(j,enum ; thoijuantitative sepaiatioVi of these 
two^metajs, which ale so similar, (s' a troublesome operation. One 
of the Vnethods available has been fiidicated in eonneetion with the 
estipiation of piolybdonum ; it depends on the fSet that the trioxide 
' of tungst/in is less soluble in sulphuric acid than that of molybdenum. 
Having Separated the molybdenum, the tungsten is converted to 
' the state of tlioxide fWOj), which is ignited and weighed. , 

« 

<1 

TeERHSTEIAL OcCUERENCE 1 

f t 

Tungstm is ono of the elements .whicltv-becotjiic cot\pentrated in 
the last solidifying portion of an igneous rock-magma, and tungsten 
compounds arc found, principally, in the (piartz-wina associated 
I with granitic intrusions, 'J'hc commonest tfiiner.al is a tilngstate of 
iron, usually containing manganese also.'Tcnown as • 

Wolfram . . (Fc,Mn)W 04 . 

Wolfram is often 'found closely associated with till ores, and 
sometimes with minerals dike tourmaline ; this fact suggests that 
tungsten, like tin, may have been given off, in, the final stage of the 
consolidation of the igneous magma, in the^ vaporous state'. Wolf¬ 
ram is found, for instance, along with cassitcrite, in the rock known 
as greissen,'tvhich is a granite altered through thp agency of vapours. 
Many tin ores, indluflingi-tRosc of Ctirnwall, contain a considerable 
amount of tufigsten. 

Wolfram ifj a heavy, bhu^kish, opaque mineral; it is usually 
found in, columnar form, or as granules, and is generally embedded 
in other minerals (e.g. quartz); 'well-formed crystals %re rare. 

Th,c mosl important deposits of ,tungston are found at points 
situated on a circle T/nm^ the Pactfic”^Ocean, iffew South Wales, 
QueenslifWdf the IV^alay St^ates, Lower Buripa, China, JlLpan, Alaska, 
California, Nevada, Colorittlo, lifcsico, Bolivia and Peru ate—er 
have |)edh—producers of tungstoft. Perhaps the most irhportant 
lodality is the Tavoy district of Burma, whfre quarfa' veins occur 
ciflitaining wolfDam, ‘asspcia'tcd with molyMcnite, columbite, 
topsmaline, and often .c^ssjteritethe veins* are connected 
with ^ granite intrusion of an eiceptionally acid type. The 

* Jj Jo^instonfi, XSoc. Chem. Ind. 37 fl918), 294r ; C. G. Fink, Min. 
/nd.*28 (1929), 688. feee also Engineerintj, 99 (1915), *12 ; J. M. Campbell, 
, Econ. Oeol^ 15 (192(1)? 535. •' .; 
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Australian and UnitW,States orei.arS alsoftmpq^ant. Along witfc 
wolfram, N^ero ocaur—especkflv iij ^ttierica—otner tungstates, 
such as • " • • , * * ^ ♦ 

,Scheelite . ♦ 0iWO,* • . 

*Hubnerite . *■ . *. * MnWOj ♦ • 

• ^Fcrb*ito . . 2 (Fc,Mn 5 W 04 .(Fe,Mn )0 

Outside the Pacific ore-cirSk;' rich ores* of tfmgsten occur in 
Portugal in quartz veins springtig from granite, anc[*in tile detfital 
matter covering the hills derived from these veins. Here ag»in J,in 
occurs with tungsten. * • 

Wolfrlm is a mineral easily attacked by \<^}athering agencies, and 
alteration products, such as i • 

Tungsten ochre . . • WO 3 , 

are often met with. 


* 'J'ECHNOnOliY OK TuNO.STEn’ 

Concentration.! The tufigstcn ore as it is mined requires con¬ 
centration before being exported, since the wolfram comes up diluted , 
with mucli quartz and ttther ganguc material. The wo^ram can 
largely be separated frofh the quartz and other light minerals owing 
to the iliffercnee in gravity. The ore is crushed, and concentrated 
on tables, similar to the Wilfley table descril?ed in the Introduction 
(Vol. I, page 123). The heavy particles, including wolfram and 
other tungstatc.s, aic caught behind the riffles, and are shaken off 
at the end of the tabkvwhilst the lighter siliceous material is washed 
oven the riffles and passes out separately. 

A good deal of the more finely powdered matter wflioh is neces¬ 
sarily produced during crushing cannot aconorrAcally be treated on 
tables, as the finer wolfram particles would be dkrried over the 
riffles. Such material (the “ slimes requires spe«qal treatment, 
usually on a vanner (see.Vol I, page 121). In one form ^f vanner 
used for the concentration ol tungsten ore the orc-puljj is fed on to 
the travelling belt akonc si.kf • the siliceous matter is wasjic^ right 
across the bdt,’ ilnd falls ovA’ the other side, wjjilst the heavier 
.tungstate particles sink*sufficiently to Adhere tv the and are 
carried along with it and fall oft at the end, As a rule, the whole 
machine k given a longitqdin^ shaking motion. ’ . , 

No gravity proves*, however, is ^able to sf j^rate Volfram from 
the other heavy minerals, notably cassiterife, whfch may be prefJfent, 
and it is usual to 'complete the conceptitition^by a nragnetk pro¬ 
cess, advantage being takgn of^the fa^ thgt the tungste»,mineral 

1 H. C. Parmalee, Met. Ghem. Eng. 9 (19111, 341fG. W* Wifipf*, Eng. 
Min. J. 97 (1914),’1251. 
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is slightly mamettc. The principles of m^rfetio separation have 
also been ,disetes?ia in the IntroMction (Vol. ,1, p. 12^ 

In adAitton tO the wolfram concentrates obtahied frmn tungsten 
%re8 ^rp^r, <conriinlraCeg are obtained as bye-products from the 
.dressing of tin tires. .In the United States, .forbbrite and scheelite 
ores are treated In many districts, wV.st hubnerite is an important 
mineral both in that eountry andSn Bolivia. 

Maiyifacturfe of Tungstenr dioxide.^ The comparatively 
rich concentrate consisting, in most cases, mainly of wolfram, can 
.their be shipped or sent by rail to the industrial district where it 
is to bo Worked up. A considerable development of the Xiungsten 
.industry in this country, chiefly at Widnes and Luton, occurred 
during the war, but .the exceptional demand for tungsten has'now 
ceased. The United States and Germany have, for some time, been 
large producers of tungsten. 

The coripentrate.is ground up with .sodium carbonate, and the 
mixture is heatcA in .small basic-lined reverberatory furnaees at 
800-1,100° C. for some hours, the charge being continuiilly rabbled. 
The temperature must be sufficient to tender the mass pasty, but 
not to cause complete fusion. An oxidizhlg atmosphere should be 
maintained in the furnace. During the process, sodium tungstate 
is produced in the mass, the iron and manganese being respectively*' 
oxidized to the oxides'FeuOj and MnOj (or perhaps MnjOi). The 
product is tapped in a pasfy condition and, when cool, it is ground, 
and the sodium tungstate is extracted with water. The solution 
of sodium tungstate is then treated with hydrochloric acid which 
precipitates the yellow tungstic acid; by redissolving the yellow 
precipitate ifl ammonia and once m^ore prccipifciting with acid, a 
considerable amouct of purification can be effected. Finally by 
calcining the precipitate, tungsten trioxide (WO,,) is obtained. 

In one var.iytion of the p’-ocess, the sodium tungstate solution 
obtained ,by leaching is treated )vith celdium chloridg solution. 
Calcium tungstate is thus precipitated'and is afterwards converted 
to tungstic acid by the action of an atiij. < 

Ferro-tungsfen and Ttngsten %teel. Froin tu.^ston oxide 
the diijore&tf technically useful compounds of tungsten can b^' 
obtained. ^ Ferro-tungsten, mad^ by reducing a mixture of 
tungsteR and iron oxides with carbon in an electric furnace, will be 
considered more fi^lly, in^the seytioif on ferro-*allays. Instead of a 
mixWe of oxides, the rain(jral ferberite, which, is. a natural ifon 
tungstatfe,. is* often psed. ' FerVo-tung^ten is largely used in the 

. 1 See Engineering, 104 (f917)l 432. . Ste also C. H. Jones, Met. Ckem. Bng. 
22 (lOfO), 0. i.A Fre^ehfl'pcocess is described by C. Matignon, Ohim. et Ind. 3 
(1820)t 277, 422. 
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manufacture of tungsten §teel| a njat^ri§l employed very gener¬ 
ally in th'i^aking of lfi‘gh-spe^d»i jols, wiiich are'Kalle during their 
use to .beoOTie healed to temp^attfresi at which •ordi.’la/y steels 
would lose their hardness. ‘Iij recent yhaes,‘hoiwevgr, the intrg*.* 
duction of high-grade ^petalljc tungsten powder as if comparatively 
cheap coipmercial product hiS^c^used many steel-uJakers to enjploy 
thiff materiann the place of ^>TO-tungston*in tly manufacture of 
tungsten steel.^ It is made by^ict^uotion of tfte oxi^e injiydrygen 
at a high temperature, and contains 98-99 per cent, of tuiTgston.* 
Many of the steels used for the manufacture of pern^nent magrtets 
contain Jtungsten. 

Manufacture of Electric Lamp Filaments.^ One of'the most, 
important uses of tungsten^—its employment in the Wm of a thin 
filament in the electric vacuum lamp—dejfcnds on,the extremely 
high melting-point of the metal, and its comparative non-volatility 
at high temperatures, /n the manufactm'e of Jungsten^ filaments, 
the powdered triokide is usually moistened with'a small quantity 
of thorium nitrate solution afnd then dried and ignited at 1,100°,C. 
for about an hour in a fire-play crucible ; during this “ firing ” the 
small grains ot the oxide«unite to form larger grains. The amount 
of thorium salt added ftiust be enough to make 0-76 per cent, of 

* thorium oxide in the product; the function of the thorium oxide 
will be discussed later. Some filaments contain no thoria. 

* The fired oxide is then reduced to thfe metallic state by heating 
in hydrogen at 1,000° C. in an electrode furnace consisting of a 
silica tube wound wifji nichrome wire. The product is metallic 
tungsten (still containing thorium oxide) in ^coarse powder. 

The powder cais bo pressed dry into a rod, but tlie rod is so 
fragile that it cannot be lifted.’ It milst» theleSorc, be “ slid ” into 
position in an electric furnace where it is “ baked ” in hydrogen 
at 1,250° C. The baking renders the jod less fragile* although it is 
still porous. It can n9\^i be clamped at the two ends b^two elec¬ 
trodes connected to a sourc* of current and heated 1^ the dirept 
passage of electricity; to 3,0iK)° C. in an atmripphere of hydrogen ; 
the operation, which is knofrn as “ sintexibg,” genders the rod 
,non-porous? * ^ * 

. , • • 

' See; however, J. W. Weitzenk;yil, Met. GhemtEng. 26 (192J), 504, who 
thinks the ugq of fetro-tun^t*n gives a more uniJjprm steel than.tyngsten 
powder ; the pure tungsten owing te its high me’ting-point isdiable to remain 
undissolved by the Seel, and to oolleot»at the 4)ortoh» of the crucible a 
segregation. • 

’ J. L. F. VogcT, 3. Soc. Chetft. Ind. 30 (lOiO), IftSn. • , * • , 

*-Z. JeSries, Bull. Amer. Inst.'Min. 138 (1918), 1037 ; C. H. Desoh, 
Engineering, 110 (1920), 416 ; *W. Dl Qoolidgb, Ertgineeri'^, 110 (lESO), 109 ;■ 
C. H. Jones, Met. Chem. Eng* 22 (1920), 9* H. al^nuicke, Qhevn. E^it. 38 
(1914), 631; '■ A. e.,” Met. u. Erz. 17 (1^20), 449. 
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, The compact tifpgste'r obtilin^’in tfiis is still non-ductile, 
and would! hreSk once if^ aiw atempt were made to d^w it into 
wire in 'shb ordinary way: ft niust be converted toHhe -fibrous 
>bictile fdrm Ity a*procdSs,of swagin^g/ The swaring machine is an 
^adaption of a rSachino lon^ used in the manufacture of steel needle 
blanks ^ (see Fig. 18). A split die, fXf Jj, of suitable stee i» attached 
to an axle J, whilh caif be made to*»otato at about 600 revolutions 
a nv.nutc«wit}vn a stationary shrlf fitted with about ten rollers, R. 
Each^time a roller is passed the haU-dies are fprced together, and 
thu»a rod of tcngsten placed at J in the jaws of the machine receives 


• about 6,000 «impac.ts 

per minute. Before be- 

machine the rod is 
heated in an electric 

and, at the 'same time? 
rather thinner and 
slightly longer. When 
the 'diameter is reduced 
by about 10 per cent. 

Fia. t8._Swag.:.ig Machine. the rod is reheated in 

^ the edectric furnace, and 
swaged between half die*j "of slightly smaller diameter. Thus 
starting with ^ square rod of diameter of about 2 centimetres, 
the diameter,oan be graduiv'ly diminished, and the length corre- 
spondinglj'' increased until a thin rqund rod of diameter qf 0-76 mm. 
is, arrived at.,. The temperature of .swaging should be 1,600-1,700° C. 




Fia. ys.—Swaging Machine. 


at the, cpmmencemcr.t of the procesi?,,but is .gradually reduced to 
1,300° C. as theideforlnation increasfc. * 

As the*^t,ging proceeds; the rod becomes loss fragile, and the• 
tensile strength greatly increases when the diameter has rpachetf 
0-8 mpi» the tungstonjii'-s become ductilf, and it •an tljen be drawn 


out into still' thinqef fiiamcn^ by the normai proCess of wire¬ 
drawing, diamond dies being usually employed. In this way 
filamwits (jf the dian^pter rfcqpired for itse in the lardps are obtained. 
The theory of swagieg is extrenjely viteresting. The structure 

‘ Dtscrfcettin U.SrP/trfnts 268874 (1882), 37*6144 (1888h and 616676 (1894). 
See alto K. L. Muller„^eil9c/i. Angfw, Chem. )26 (1913), i. 404 422. 
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of the original tung#t5ij rod has been studied means of micro¬ 
sections, is se»n to conaisV of ^or^nary equiJfcced^ polygonal 
grains, ’similar to those of any ondinary cast metal,* such as copper 
or iron, whicjj has been allowed to 8 olidij 5 ^slowfy. ffhe ‘i^iparevif^ 
brittleness of timgstonds duo. to the facVthabthe bifundaries of the, 
grains aronol^surfabes of str^igth—as in the case of most metals— 
but surfaces of weakness. Tbd' smallest force is Sufficient to cause 
the grains to part from one £yi6t4er, and intcr-gr^ulac fra<iture 
is the result; with'jn a single crystal, there is no special teijdency 
towards fracture. ». »’ 

.The iftter-granular fragility is generally thought to bo •a specific 
property of pure tungsten.^ It may conceivably bo due,’however,, 
to fee^resence of a network of impurities separatmg the grains, 
such as is known to be the cause of inter-grdihular fra^jility in copper 
containing bismuth.^ Or again, it may be duo to the unusual 
method bjj which the. tungsten rod is produced—sintering 
instead of by fusion. Whichever e.xplanation is ctuTcct, it is certain 
that, if the grain-boundarieft can be arranged in a direction along 
which fracture is inlierenjly improbable, the special fragility of 
tungsten can* be avoidcih • 

This is aceontplished l)y the process of swaging, 'the grains 
*of the iiitjal become elongated in the direction of the length, and 
reduced in the direotion at right angles. BJr the time the rod has 
been squeezed out into wire of diame*ter 0-007 inch each of the 
originsvl grains has become a fibre perhaps an inch long, and about 
0-00002 inch in diamf*tcr. Thus the structure of swaged tipigstcn 
is fibrous. All the surfaces of the weakness are parallel to the 
length of the filsiment; there is no inter-granular* boundary at 
right angles to the length which might #.l]o\f of fracture. 

That this explanation is correcit is shown by fact^that if a swaged > 
tungsten rod be placed on an anvil i^nd struck witji a hammer, it 
will often.split lengthwise into,a number of thinner payillel fibres. 
Evidently the surfaces of weakness are still there, but they are 
disposed in such a wry as tQdie—to all intentijand purposes-^-harm¬ 
less. 

, 4W'hough the tungLiten filament in^tibroui^ at tfia* tnoment of 
manufacture, considerable changes* in the strifcture mily occur' 
when tho.4mp is used, ^t tlie teniperaturp reached (Jiirjn^ burn¬ 
ing, rapid Crystal growth occurs in a tungstjn filament free from 
thoria ; after “ burning ” for a sJiort time* pirhaps about fifteen , 
minutes, the crystals havn grown t*o*a la^e size,.single^^stal 
boundaries often extending rjght aerpss Jhe filament, a,condition 

1 C. G. Fink,,Mc(. Chem* Eng. 8 (1910H 340.*^ 

® J. C. W. Humphrey, By-IL Amer. just. Min. lao to4o. 
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which olea^y rentiers liie' fitoment weak ;^*alfter this no further 
increase of theta'^ferage ^ain-sizet^Cfiu-s, but tjie boun^ifries seem 
to keep Igmfting as burnii^g ^roo(Jeds, and this Shifting is eccom- 
^'^nied J)y de{ormi.ti'on*oj^ the filamwit* which may ultimately load 
to fra?ture. The function* of 4;he th(wium (»xide* is to restrict the 
growth of the titngstcn grains durii»g^3urning, and thus to prolong 
the life of the filapient.l It does n«t prevent the conversion of the 
orig^al fihrouj •struo'ture to an ^.(fn|,axed structure, but a filament 
containing thoria remains fine-grained even wh^n burnt for a very 
loni;,period, ^fho thoria segregates at the boundaries between the 
grains when the filamept is heated, and prevents the exaggerate 
^ain-grofvth which would cause weakness. Other impurities, like 
lime and alumiba, which arc insoluble in tungsten, likewise tend to 
segregate at thf grain-bfmndaries and to prevent the form of grain- 
growth which is characteristic of pure tungsten ; on the other hand, 
impurities A'hiolf are soluble in tungsten ^c.g. tungstem bronzes) 
have no olJstructirc influence on grain-growth, bht rather seem to 
favour the exaggerated growth of certain crystals. , 

ft is noteworthy that filaments fail pinch more quickly when 
'alternating current is u.scd for lighting than when direct current 
is employed. The different crystals composing the filament tend 
to slide over one another along the crystal-boundaries when alter-* 
Dating current passes, *80 that the filament—originally straight— 
acquires a zigzag outline. «This phenomenon, which is known as 
“ offsetting,” has been ascribed to the trombli«g of the filament 
produced by the passage of alternating cufront. Owing to the 
increasing use of alternating current for lighting purposes, the master 
is of some importance,’and much work has been duvotcd to produce 
a filament stable tcgvifrds jilternatin^ current; it is claimed that 
by the introduction of lime—or of a trace of phosphorus—into 
the filament, thp trouble can to a great extent bo overcome. 

Although thhria reduces the tendency to pe^jrystallize, ij does not 
entirely prevent it. If wo can proilucs a filament consisting of a 
sifigle long tBin crysjjil-grain, inter-gaqnular ijfacturo will clearly 
be impo’ssfole, and this^virticplar causiiof failure wtll'be .eliminated. 
A recent Qocijiaif process ^^aims at the manufacture of such fila¬ 
ments. *In this process a tuiigstqn-filament containing thorium 
is made by “ squirting*” a plastic 'mii^uro containing a binder 
througlf an orifice, and the filament .thus prodiicgd is jiMsed con¬ 
tinuously through *a ^onh syrriJunded by an electrically heated 
coil at ^hp ralp of about 2 J.iiettes per hour. Th'e temperature of 

. 1 C. J. ^biithells, Trans. ^’’araSay Stc.m (rt)22), 485: J. Inst. Met. 27 
(1822), 107.. . , f. . * 

* F. ^hOter, J. Oam^uchtung, 6| (1018), 44. 
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the zone is about 2^450-2,600° C., afid a !iydr»^en^atmosphere ig 
, employed.%At that tcmperatitfe, Jhe^* recrystallizatiof velocity 
of tungsten excSRds the ve|pcity with \K^ch,tho filame^Jt passeg 
through the *one,,and the filaihent cornea out ot*tl^*zono wjth a41 
the atoms arranged actordiA to a Single orlentatjon. That is to« 
say, the ifrhol# filament consi^!? of a single crystal. It is cut*into 
the lengths required and fittecfir lamps without farther treatment. 
It will be interesting to see how’tfte life of these fasnps’cqpipftres 
with those of ordir^iry drawn tungsten filaments. The inventors 
claim that the filament is unchanged by burning. ’ • ♦ , 

•Althoilgh to the ordinary observer the single-crystal * filament 
does^not appear different to the common filament of fibrous tung-i 
sten, y^t the crystalline character may be shown by etching. The 
etched filament has an octagonal cross-section, anci( if slowly ro- 
, tated in light coming from a single source, and c^efulfy watched, 
it will be seen to “ flasht)ut ’’cbrightly eight times each jevolution, 
whenever one of the eight faces happens to present such an angle 
to the light as’to reflect it into the eyes of the observer. , 

Power-consumption oT Electric Filament Lamps. Lamps 
provided witfi ti,ingster> filaments are more efficient as Jight-pro- 
, Queers than the old-fashioned lamps with carbon filaments, simply 
because tungsten can be heated up to a higlier temperature than 
• was possible in the case of carbon. Ap explained in the section 
upon the gas-mantle^ of the total radiation given off by any “ black ” 
(non-transparent) body the proportion of “ visible ” rays increases 
steadily as the tempefature rises. In the old carbon lainjft, the 
filaiffent could not safely be heated above 2,800° C., ^nd the con- 
sumptioftof electric power was 3 to 4 .watts ^r candle-power ; in 
the ordinary tungsten lamps a temperature ot aliput 2,130° C. is 
obtained, and the consumption is only about 1 -1 watts per candle- 
power. ^ •> * • 

By applying' an abnorilialljr lagli E.M.F. to an ordinary tungsten 
lamp, and thus heating the filament to a still higher temperatm^», 
we can obtain-»-^or h. timt--^ still greater efficiency of light-pro¬ 
duction ; hut, in an ordinary evacuate^ larnp, thiPtung^fen begins 
’*0 vDlatilize quickly, as soon ^s the t^iff^eratm’e (scceeds the value 
for which the lamp was designed. The vslatilized tungsten will 
condense onjthe ^ass and*cause blackening,‘wliich interfetoB with 
the passage of the’ light; moreovea^ if th« v#llitilization is aUi^wed 
to go on, the lamp will soon “ bum ffut.” 

There is, however, a class of lamps ^ novV manufactured con¬ 
taining an inert gas such aS argtoiir nittogAi, the pregence’tif which. 

* I. Langmuir, Chem. Eng. 11 (191!)% OUle I.«Langifluii'anfl J. A. 
Orange, Met. Chem. Eng. 11 (1^13), 018.| • * 
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controls the tendfificy »f the* tungsten to ,\oratilize, and allows a 

higher tei^iperiltuJe to bts reached safely. Such lamj^ are often 
l^nown Rs “ half-w^tt l^ips,” and have actually a power-con- 
*8iimp{.ifn in tiorufe cas^h,a8 low as 04 to 0-5 wattsthe pressure 
,of the inert gife within tlfe lamp is asuallyi in the neighbourhood 
of hftlf an atmosphere. The design^f a gas-fiiled ljmp,‘ howeyer, 
presents special <fill\cu(ties, as the'presence of the gas is liable to 
cause Removal bf heat from th* nl# ment by convection currents— 
a los^ which cannot occm in the evacuated .lamp. The special 
arrangement. 1/f the filament, which is often coiled into a close 
^elix, is •designed to minimize the loss through convectiBn. Tine 
,.lamp must also be designed so that the convection-currents of gas 
charged with tungstpn vapour shall strike the globe at some point 
at the top of«the lamp through which light would not normally 
need to pass ; thus, whatever “ blackening ” does occur, it will 
not interf(jre with jihe luminosity of .the lainp. Up to .the present 
time, half-watt limps of low candle-power have not been intro¬ 
duced, although powerful lamps, suitable for outdoor use (where 
arc lamps were previously employed), ate made in large quantities. 

Since tlic proportion of short waves iif light emitted by an in¬ 
candescent body increases with the temp(5iature,‘ the light of the 
half-watt lamp, in which the filament is 400-600° (1. higher thaif 
that of the ordinary tungsten fdament lamp, is e.xceptionally 
“ white.” * 

Other Uses of Metallic Tungsten. In adilition to its employ¬ 
ment In lamps and in steel, metallic tungsteil has proved useful as a 
substitute for platiwjm in electrical contacts on magneto-Boils, 
relays and similar in.^.rume(jts. Altijougli inferfor to platinum as 
regards liabilitjj^ to*oxidatfon, it is actually superior in the matter 
of fusibility and volatihty. The good hcat-conduetivity of tungsten 
serves to prevent undue heating at the point of arcing, and no doubt 
this is on« reason why the oxidation at X tungsten contact is not 
nwre seriou<(. Electric furnaces cofisisting of afundum tubes 
wound, weth tungsteft wire have provfcd morrf serviceable, as well 
as cheaper, thaw thosVwoilhd with patinum.. bn atttount of its 
high mglting^poipt ‘it has proved ejjtremel^ suitable, in the con-,' 
struction qf X-ray tubes, as a material for the “ target ”• upon 
which .tke cathode-ray particles are diiected. * • . 

U^ies of the Satfbi Cungsten salts have found application,as 
mordants in dyeing, and %1*) in the jjrocess of .rendering textiles 
firepto'of. They are dsed in the glass and ceramic industries for the 
productibn of «a yelloy ^olohr. 

• W. U. l^olidge, J. fnd Eng.^Qhm. 4 (19t2), 2. 
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URANIUM 

Atomic weigh,, 238*2 

Th% Itvf etal 

Uranium is the last member of the group. The properSie^. of 
this metel—more than those of any other—arc rendered douttfuh 
the difficulty of isolating the element in the pure state. The 
purest metal yet obtained is a hard grey substhnee, capable of taking’ 
a lustre when polished. It is very heavy,’ although, curiously 
enough, slightly less heavy than tungsten, the specif® gravity being 
] 8-7. Uranium is by no means so infusible as tungsten, the melting- 
point being probably somew?iat above 1,400'’'U, •’ 

Finely divided imanium bpeomes oxidized spontaneously in the 
air, and may even catch fire owing to the heat developed ; wlibn 
exposed to carbon dioxieje," it becomes covered, apparently, with a > 
thin protective oxide-fi.hn, and aftcrw'ards can be exposed to air 
without change. In the state of coarse powder, uranium oxidizes 
only wherp heated, and the compact metal moderately stable in 
air. , 

Uranium is distinctly reactive, and, when in the form of powder, 
decomposes water ; it dissolves more quickly in dilute hydrochloric 
or sulphuric acid, hydrogen being evolved. Uranium precif>itates 
tin, copper, silverysind gold from solutions bf’their sa^ts. 

The anodic behaviour ^ of ,»raniumi.presep>ts a contrast to those 
of the other metals of Group VIa. Uranium anodqs do not readily 
become passive, and even when a brown layer of oxide appears 
on the anode surface,, it does not itf general apj)(5air to interfere 
seriously Vith the andSic .rciltetion. In sulphuric, hydrochloric, 
or even nitric acid, the manium is anodically dissclvcd, passing 
into the solutioij nlainly q^the tetravalenlf condition.^ On the 
_ other handfin an alkaline bath, or a solqtion of a pl/t)sp|iqtp, a yellow 
•film* usually appears upon q^uraniiijn''anode,'which obstructs to 
some extent the j)assage of tl.e’ current. ’ ^ > 

Laboratory Pyejaration.. Metallic jiranium cannot be de¬ 
posited electrolyticaUy from an aguepus'soiutftn. The reason is 
no doubt the sctnfe as that<euggesfpd 111 the case of tungsten—the 
almost entire absence of s^jnfple uranihm cations from tSe^solutions 
of the salts. The electr^ysis of a uraniuisi, sali solution usually 

* U.^borgi, Zeit^Ji. EUktrffhem. iV MS. 
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teads merely to tj^ prdfluctiAn of hydrogen at 'the cathode, often 
accompanied the depisitjon pf ‘Ijiydrated tpcides uranium. 
If, howe|er, an a^uqous solution <5f thf tetrachloride is electrolysed 
with 9 toercul'^ cathode, turanium Analgam is s£iid toi be obtained, 
<.he high overpo^ntiarof mercury no ^ubt restraining the evolution 
of hjdrogen.^ When the amalgam'lBdieated in vacu 0 , thfe meroury 
is driven off, leafing dranium in^a 'f)yrophoric condition. 

Hie .method ‘is, however, hf nt means a convenieflt way of 
obteiijing uranium, and dry methods are usually employed, based 
jupod the redifbtion of the oxide with carbon, aluminium or mag¬ 
nesium. fWhen carborf is used, the uranium obtained iitvariabty 


icontains carbqn, wliikt the metallic reducing agents oommpnly 
fail to remove the whole of the oxygen. , 

In reading itatements regarding the purity of metals of high 
atomic weight, ^uch as uranium, it should always be remembered 
that the tqie purity of the sample is ifover Sb grea,t as tho analytical 
results (expressed in the ordinary way) appear to show. For 
instance, owing to the unusually high atomic weight of uranium, 
the carbide U 2 C 3 itself contains as muchras 95 per cent, of uranium, 
with onlyy per cent, of carbon. Consequently the^rociuct obtained 
by the reduction of the oxide with sugar-charcoal in the electric 
furnace ,2 although its analysis may perhaps show osJy 1 per cent, 
of carbon, cannot rightly be regarded as containing 99 per cent, 
of elemental uranium. It is more correct to regard it as consisting 
of 93-4 jx;r cent, of metal and 6-6 per cent, of the carbide U 2 C 3 . 

A method based upon tho reduction of 'the oxide UaOa with 


magnesium vapour is capable of producing a powder which conttiins 
as much as 9!)'5 per ce,pt. of pranium,with 0-5 pel cent. of,oxygen.’ 
Tho procedure consists in heating a mixture of the uranium oxide 
(UjOg) and magnesium powder—pressed into the form of a solid 
rod. The heat.kig is conductod in a magnesia tube, embedded in an 
electric rec’stance furnace. Tho temperature is first caised by 
pflfwing a curjent through a resister of granular carboVi surrounding 
the tube.. When ho#, however, the chjitents tif the tube become 
conductinjj and »”e heated by direct passage of,efectribi):y through 
them, by m'bftns ,of <carbon» 3 lectrode^ introduced at the two ends. 
During the^ whole proems, a current,of hydrogen is passed through 
the tufeei When tlle»re^uired temperature is rSachei,. the mag¬ 
nesium is in the Y^V>rq|us coijditidn and is* able to reduce the 
uranium to the metallic statp. After the operafjop the hydrogen 


' J. F«(te, BuU. Soc. Ohk't. 2fi (1901),,622. • 

* * H. Moissan, ■CoApte^’Jend. 122 (fhOS), 1018. 

• E. *K. itirfeal, Bonn (1913), pp. 40-43, See also E. K. 

BideahV. Soc. Chem. 33 (1914), 673. ,; 
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is replaced by carbtuf^dioxide, sinci otJi*JwisQ*the metal Wiul^ 
ignite Hpo»itaneously when esp'Ssed tpHhe airf* Afterwards the 
finely divided «i^ium is \^aBlWd witn^ ace^c a^id, tc^ remove 
magnesia. The uranium remains undidsqjv®d, etch partick .being 
covered—as Tias f)een» menUonedWith a little itanium oxide,. 
The powder can be fused aiTdasonverted to compact umniunf by 
heafing in a special form of electric vacuum ^ujna^e. 

UraniunjAnd all its compouijjlA emdergo spontaiftcusly % radio¬ 
active transformation, giving rise to uranium Xj, a metal living 
chemical properties different from those of uranium. €!hese changes, 
have been discussed in Chapter XV (Vol. 1). 

• Compounds ° 

The important compounds of uranium are derived from two 
oxides, tlOj and UO 2 . The trioxide (UO 3 ) has. a ijiuch more 
pronounced Jbasic character thv,n the trioxides erf the other metals 
of the group, although the salts are not normal ctimpounds of the 
type UXo, but basic (uranyl) salts of the type [UOjjX,. The 
acidic character is less" striking, and the salts formed with basic 
oxides are in.soluble. THb dioxide (UO 2 ) has a basic (^aractcr. 
A stable intermeffiate o/ide, UjOb, without derivatives, exists. A 
fbw compo(jnd.s.corresponding to the sosquioxido (U 2 O 3 ) are known, 
and the oxide itself has been prepared in a hydrated condition. A 
tetroxide, UO 4 , can be prepared, which* has an acidic character, 
severalperuranatoi? ” being known. 

When uranium or any of its oxides is heated in air above 60#“ C., 
it is the intermediate oxide (UjOs) which is firmed. This stable 
oxide yiel^ the difcxide UOj ^hen heated iy hydrogen. When 
dissolved in sulphuric or hydrochloric aciS, the Pxide UjOg yields 
a mixture of the salts of UOj and UO 3 . If, however, it is dissolved 
in nitric acid, it is converted entirely to *iranyl nitrate»yj 0 . 2 ](N 03 ) 2 , 
and the lay;er yicld.s tHe^trioxi^c UO 3 on gentle ignithm below 
400“ C. 

A. Compounds’o^ flexaval^t Uranium j^lfranic and*Uranyl 
Compounds). " 

* Uranium trioxide, UOs, is ?OEmed* as has just lieen exprained, 
when uranjd jiitrate is headed fn the air belg\i» 400° 0. * II is an 
orange substance rfn* the anhydrous cohditign; Uie hydrate, 
UOj,2HaO, is obtained when the h*eatjng of* the nitrate is vSiy 
gentle, or when ati &lcoholic s«lation of uranyl qitrate is»e^apo)p,tpd 
to dryness. The anhydrouj tnofide is*i^ablf in air below C.; 
above 500-600° C. it eommwices to'lose pxygjv^ ;jidldihg tjje ipter- 
mediate oxide (l^aOj). ’ 

M.O.—TOL. n. 
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■, The trioxide hai^ a diftinctj-basic charactj'v. '■ It dissolves in acids 
jdelding ^gree'ii-yellow sylutionss- iThese so|,utions deposit on 
joncentwtion yellojF crystalline,^salts, which, V already-stated,' 
are ptt notmal salts,,but basic salts, like uranyl nitrate, 

<• [U 02 ](N 03 )j.bHj 0 , uranyl sulphatetJUOajSOirSHa^, and uranyl 
chl(;ride, [U 0 j]Cl 2 .H 20 , derived»*ns though‘from the divalent 
radicle (UOa)” ^hicb is known ar uranyl. The hexavalent" ion 
U'V,'" jloes not seem to have, a'ny real existence in tlje solution, 
and fjhe salts are usually regarded as being ioijized thus 

* ^ [UO^jSO,# [UO 2 ]"+ (SO,)". 

, There is, however, some hydrolysis, and for the most part ^he 
solutions of the salts are acid to litmus. When boiled they yield 
more basic ^Its; a solution of uranyl sulphate (UO 2 SO 4 or 
UO3.SO3), for instance, after boiling deposits crystals of 4UO3.SO3. 
Uranyl safts, both in the solid state and.in solution, show a very 
characteristic yo!low-green fluorescence, the cause of which will bo 
c^iscussed later. 

The insoluble uranyl salts are foryicd.by precipitation. The 
phosphate (UO-jIKPO, is obtained as a pale yellow precipitate 
when a solution of sodium phosphate is added to a solution of a 
uranyl salt containing acetic acid; if ammonium salts are presert 
in large quantities, die double salt NH 4 (U 02 )P 6 j is obtained. 
Both precipitates are remarkably insoluble in water and in acetic 
acid, but are dissolved by hydrochloric acid. The ferrocyanide 
is a j;eddish-brown precipitate formed on tlje addition of potassium 
ferrocyanide to a uranyl salt. ^ 

Uranium'trioxide has also an acidic character, but the uranates 
are insoluble in v'aCer. , As a resfiit, they are produce'd, instead 
of the hydrattsd trioxide, when the uranyl salts are precipitated 
with alkalis.^, For instance^ when a solution of uranyl nitrate is 
treated ^ijvith caustic potasn, potassiuip cdiuianate, K 2 U 2 O 7 , is 
^(jhrown down as a yellow precipitateo the sodium muf ammonium 
diuranates are obtained in a similar fv^y. 

Nornial uraiptes (K-^UQ,) as weB as the triucariahcs (KjUsOio), 
tetra-uranates (K 4 U 40 j 3 )„-are hexa-uranates (ICjUaO],*) are knowp, 
but they are a'll insoluble. ' , ^ 

B. Intermediate Oxides of Upanihm. , ^ 

When the trioMde is heatwi above 600-600“ C. in air, it loses 
oxygen s-nd beconjes converted to* a greenish-black substance. 
If the .trioxide is in a ^ne, state oj[ di vision, and the heating is not 
acco^mplisheS ftt^ tq©, higlj a tferaperatare, preferably being com¬ 
pleted in an atmq^')here of (jxygen, the composition approximates 
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closely to UsOs. temperature! empkJyed.ls very high, mow 

oxygen isifiven up„and the c®iHpositip<i may c 8 m# nearer to that 

* expressed iJy tl!%i'ormula UJOs-J Man^^cheDjists regardjUaOs fvs 
uranous uranate U 02 . 2 U 03 . 

A hydrated forifi * oi UjO^is produced when an aqueous solutionr 
of uranyh acetate containing f^sther suffers spontaneous reduttion 
by exposure to light, and wten uranous Irycyro^de is allowed to 
oxidize in the air ; prepared in tj>C*first way it appeafaas a*flqpculent 
violet precipitate, while the second method yields a ver^ dark 
green product. 

* * • 

Cf Compounds of Tetravalent Uranium (Uranouh Com- 

•pounds). 

The dioxide, IJO 2 , is obtained when the frioxide or inter 

mediate oxide (UjOs) is reduced by heating in hydrogen. It is a 
heavy substance varying»iu colour from red-bi^^yn to bfq^k accord¬ 
ing to the conditions of preparation. When exposed to the air, 
it readily bec«me.s oxidized to UjOs. The hydroxide, obtained by 
precipitation of a uraiiou^ salt with an alkali, has a red-brown 
colour. • • • 

Uranous oxide'has a* distinct basic character, and dissolves in 
acids, yielding deep-green solutions, from which the uranous salts 
can be isolated. The uranous salts can also b 8 prepared by reducing 

* an acidified solution of a uranyl salt with'zinc, or, in the presence of 
light, with alcohol. ’For instance, if a .solution of uranyl sulphate, 
|U 0 j]S 04 , is treated xjith alcohol and sulphuric acid and exposed 
to snjilight, the yellow colour changes to green, and from the green 
solution, uranous*sulphate, U(S 04 ) 2 . 8 H 20 , can be‘obtained in 
green crystals ; various other*tiydrate 8 «are*ki»own. The corre¬ 
sponding chloride, UCl,, although more usually pre*^ared by a dry 
method, can be obtjiincd in a similaq way. An alcj<holic imanyl 
chloride solution fent»ging hydrochloric acid is expojj^ to the 
sunlight, and dho uranous shlorido produced is precipitated hii 
adding ether. Uranqus sal^are strong reduojng agents., . 

The insoluble uranous salts obtainad as«Aual. • The sulphide, 
iTS 2 , is a black compoi»d precipitated-jrhen ammonMh* sulphide 
is added to a uranous salt solution, while thejihos^ate is a green, 
gelatinous p^cipitate. 

* • • 

D. Compounds of Trivalent Uritaium,* 

The trichloride', UCI3, casi be obtained by heating the (ptra- 
chloride, UCI4, in a curreqt of ^ydro|eji, qr alternatively»Jby the , 
prolonged reduction of a uranyl Shloryie s^tigif wiyi jin<i and 
* Aloy, Bul^Soc. Ohirf. 23 (1900,^.368. 
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tydrochl6ric acid!, Th!e> reddish solution Somewhat unstable— 
gradually ijevolViiig hydroftn and'"assuming thp green oplour char¬ 
acteristic of uranoug salts/ ifut if.—before this d(yjr8—the reddish 
solutipM is tftatdd with, potash, m unstable brown hydroxide, 
'U(0H)3, is produced'. This" is verr fugitive'’and even in the 
absence of air passes to uranous »ljydroxide, hydrogen igas being 
evolved. f ' *' 

E. Hl|hly Oxidized Compounds of Uranium. 

, When hydrtgen peroxide is added to a solution of a uranyl salt 
/e.g. the;nitrate), a tefroxide, UO 4 , which has no basic properties, 
«is thrown down in a,hydrated condition as a yellow precipitate; 
it is impossible to dfive off the whole of the water without caOsing 
loss of oxygon. ‘ A t)Otas8ium peruranate, derived Worn the 
same oxide, is formed by adding alcohol and then potassium hy¬ 
droxide ; jt is a rpd substance withAhe composition KjUOt.SHjO. 
But, when aipicdbs hydrogen peroxide acts upoVi a uranyl nitrate 
solution in the presence of considerable excess of potassium hy¬ 
droxide, a bright yellow solution is prcvluccd, which yields, on pre- 
cipitatioi^ with alcohol, a yellow salt containing still.more oxygen. 
This has the composition, 2 K 202 .U 04 . 10 'fI, 0 , and is usually re¬ 
garded as a compound of uranium tetroxide and potassium peroxide*. 
Sodium and ammonium salts are obtained in analogous ways, 
whilst insoluble peruranates, such as the calcium salt, can be pre¬ 
pared by precipitation. * 

r , 

E. Miscellaneous Compounds. 

i 0 

Chloride^ of Uranium. Although the ( tetrachloride and 
trichloride can be'obtaintd in a wet manner, as already'described, 
the three chloAdes of uranium are all most easily prepared in the 
dry way. \yhcn chlorine gas is passed over uranium the tetra- 
chloride^nixcd with a little pentacjiloride^s'forited. T^e same two 
^lorides can lx; obtained by passing chlorine gas^over a heated 
mixture,of the oxide and carbon ; acduickeg method is to pass a 
mixture of chlofine aVwl caibon tetriAhloride ovec thevheated oxide, 
for in tl}i5*'Way oxygen ig-eliminated moMs rapidly tfian by solid 
carbon. From the mixtinfe of. tetrachloride and pentachloride 
the letter can be rempved, owing t(5 its greater volatility, by passing 
a current of barboii dioiidc over the heated rnateriah The tetra- 
chforide, UCI 4 , is therefore left behind in dark-green lustrous 
crjfs^ls., The pentachler!ida, UCU^ is prodifcdfl when chlorine 
is passpd over the headed te'trachlpride,,and subbmes forward with 
the gas, ^t*is !i,^ddf^{-red,or brown suiistance, readily volatilizing 

* V. F, HuUig andtE. von Schro^der, Zeitxh. Anorg. Chhn. 121 (1922), 243. 
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without decomposfti6ri.Whon warmedfn a atreara jf chlorine ; when 
vaporized “Ig a stream of a ne<lt?al gj«,‘5.g. carbon^oxiie, it par¬ 
tially dissociateJNnto chloride and the tetrachjoride. Bofh penta- 
chloride andjtetr^hloride are fery deliqusacent. XJThen tHe^tetrS,- 
chloride ft strongly heaM®d a current of hyBrogoij, the red-browrf 
trichloride, JJClj,' is produced. * 

Action of Light on Uraniuir, Compounds. *1^ has long been 
known thilt uranyl salts are dfcoiSposod by light in the jftesence 
of organic substances, being reduced to the derivatives of theSloiver 
oxides ; this decomposition by light is known as plwlohjajs. ^t is* 
also a m'atter of common knowledge that solutions of uresnyl salts 
display a brilliant greenish-yellow fluorescent, but that this fluo-' 
rescence is destroyed by the presence of certain substances, for 
instance by feme or uranoirs salts. Recent reseafth appears to 
show that the photolysis and the fluorescence are claselyeonnected.' 
The substances whjch de.s1;roy iluoro.sccnce are in ^(jpcral those which 
are capable, of reacting with yranyl salts in the presence of light. 

The view has been put forward that the light absorbed by uraniutn 
compounds brings about a cTiange in the state of oxidation. ^ Accord¬ 
ing to one suggestion, ,tfie hcxavalent uranium compound gives 
rise to a mixture of octavalent and trivalent uranium com{)Ounds :— 

SU'* -f light 3U'-f 

* If no substance is present which can reJet with either of the pro¬ 
ducts, they again interact with each other, the original compound 
of hexavalent uraniuin being regenerated, and light being ^iven 
out %gain. , 

+ 2U‘“ 5U'‘ -I- light. 

This causes the phenomenon which we call fluorescence ; the light 
given out is not necessarily sent off in the same direction as that in 
which the original jjKtident light was tr^JvcUing, and il best observed 
if the eye in such a portion that the direct rays from^lTc source 
of illumination do not reach it. • •• 

If, however, au orgSnic reciil^ig agent, like qxalic acid, isfprfesent, 
it will intewet wilk the octavalent urqnium salt fls as it is 
Iurmcd by the light, and rcdyce it Jo^he hcxawalont coudition 
without the production of light'; thus the*fluorescence, is extin¬ 
guished. Twalent uraniufti compounds jeiiain in.the Jirtiduct 
and may react wifli the hexavalenb corapousds. to produce cam- 
pounds of an intjBijnediate state of oxillation. The final 
* • * 

' E. Baur, Helv. Chim. Acta,J. (I914I), 18C; <ZeUtch. EleUrochem. 38 (1919), 
102 ; E. Baur and A. Bebmann* Hdv. vkim. Acta, 5 #|922)? 231: E. C. Hatt, 
Zeitach. Phys. Chem^ 92 (1918), 613. Compare G.aVUiBpler, ZeitSch. 

Ohem. 90 (1916), 386. 
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of tho ftctiuii ui uii uxajiiirxu uAti>itt>w la if,viuiot-ui'uwii ii^draftod 
form of tie oxide* UjOs. * - 

• The substances ij-hich, 'destroy* fluorescence ate mostly' either 
otidizKilJ; ageti^s ■fa-ric salts)f which migljt be, expected to 
react with and tjestro^ the'trivalent unaniunl compounds, “or reduc¬ 
ing ligents (like oxalic acid, potaSSiura iodide or i}ran(»us sa|ts), 
which will react twifh 'and destroy 'uhe ootavalent uranium com- 
poulidst 'In rffher case, the rcft era^ change which is the cause of 
the light-evolution is prevented. 

. Pdihaps, libwever, the connection between photolysis and 
fuorescci>co is best explained if we assume that the iCetion 
• absorbed lighlj is to oonvert the uranyl ion (or the uranium salt 
molecule) from an “.inactive ” to an “ active ” state, thus 

' ' U" -f- light - U'’' 

( , Inactive. Active. 

If no reducing a^lit is present, the foversc change occurs the next 
instant, fluorescent light being emitted 

U'"' = U"' -h li|;ht. 

, Active. Inactive. ^ 

If, howel'er, a reducing agent is preHcntf it caji react with the 
actified uranium, and reduction to a lower state of oxidation occurs,; 
at the same time the‘fluorescence vanishes. Batir has tvorked out 


an interesting theory, wlnioh can be regarded as a development • 
of that just suggested, to account for the effect of uranium salts, 
and pf various fluorescent organic dye-stuffs, in promoting the 
photolytic decomposition of such substances as oxalic acid ; for 
details, the *original'papers must be consulted, 

Another interesting effget, whiob'Cs closely connected both with 
photolysis and* fluorescence, is the shifting of the value of the 


potential of electrode ^ 

«, I Solution ccntainmg*urafiyl and 

Platinum * u 

^ I uranous salti <■ 


through illuminatioff-. If a cell is set ftp, coasBting^of two platinum 
electrodes immeesed in* a solution of^Ko uraniui’iWts,*-^ut arranged 
so that onVeleptrodc (only) is exposed t^ a bright light, the cejl 
can be mpde to furnish a current.', Probably this is due to changes 
in th« state of oxidation of the uranium*brought 6.bouh.hy the light; 
it w interesting tp'notq that pertain substaftce® (moktly oxidizing 
and reducing agents) inhibjt or hinder the production of current, 
and thflt -thfese arp in geilerp.1 the saijie substances as those which 
, inhibitr*Huor 58 cence. r < ^ c ' . 

Like many ot*hfr Iffhoiestent and phoJfphorescent substances (e.g. 
zinc''sulphide contf^ning a tr^ce of mp.pganese) s?)lid uranium salts 



';rR^Niuj^ kjfeg 

have the property of ; that is, i^ey emit Hght wh^ 

crushed. < 

Ai^lytical 

The brown col5rati«n obt^dned wher- potassium terrocyanide ig 
added to«an acidified solution 'f a uranyl salt is chatraoteristic af the 
metal. Other tests are based lipon the yellow c|)loration obtained 
by the addition of hydrogen pejjp. j^e, and the greerf golour (jbtofned 
by reduction sith zinc, but several other metals show rather similar 
colour-changes. 

, Uranktm is precipitated as ammonium ^ranate \viioii«aiiiimiiua 
is added to a solution of a uranyl salt. Vaqous other metals, sucl^ 
as Iron, are also precipitated by ammonia, but if is possible to 
separate uranium from all the others by cfigestingjthe precipitate^ 
with a concentrated .solution of ammonium carbonate. Uranium 
is dissolvc(J out as a complex carbonate, but ^11 ^he other metals 
(including uraniufn X,, which is always present iti smalf quantities 
in uranium preparations which have been kept for any length, of 
time) remain undissolvcd. 

The filtrate can thei» bo reacidified, boiled free from carbon 
dioxide, and theniranidm again precipitated by means o^ammonia. 
The precipitate of ammonium uranate yields UjOs on ignition, in 
which form uranium can bo weighed. 

'Teeeesteial Occueeence 

Many of the natural sources of uranium have been mentioned 
in t^ie section on^radium. Uranium occurs ^in the Igst-solidifying 
portions»of igneous intrusiona»as the black •xjjle, 

Pitchblende . . UjOg, • 

which is found in.^ Austria (Joachimjithal), in Cojpjvall and else¬ 
where. Fven more iA^rtanhds the secondary miner^ » 

‘Carnotito .* . . Kj0.2U0j.Vt0,.3HA *• 

found in Coloradq and Utat,^ a yellow impregnation in Sandstone. 
, Rather similar maniuip minerals occur in a comBle^ijiiie found at 
•Olary in Australia. / 

Other mineral^ containing tmall quantities^ of uranium include 
the impufeloxid^ ol'thonumj * 

Thorianite thO, 

and Ehienite a niobate-titaqate ft, cer- 

,ium’, yttriumg, erbium 
,asfd utaiKum^ 

both of which Ifave already been mentioned. 
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. All minerals coAtainifJig uranium conWi^atsa small quantities 
o{ radium, Ifonrfjd'In the past ages^by the deca^ of uranium atoms. 
Where the conditions hav* bSen J-iucH that the'f«<dium produced 
has not ,been lemffved ^echanically« the radium content is always 
lAOOb.OOOofthatofAhe wanium. 

M 

^Tbchnology Arn Usto 

Tfie Ahole oi’ the uranium compoMnds produced are byS-products 
of the (radium jndustry. The methods of workirfg up the American 
camotite^and the Australian complex ores have already been 
(Escussed'in the section on radium. The uranium is separatcSS 
?rom the soluti m of the ore in acid by precipitation with sodium 
carbonate, insoluble'.scvlium uranate being thrown down, c From 
' this precipitati, other uranium compounds can readily be pro¬ 
duced. Fob instance, the black oxide (UO 2 ) is made by fusion 
of sodium'uranatp* with salt ^ and crharooal in an iroft pot. By 
dissolving the sodium uranate in acids, qranyl salts may be obtained. 
Urtinyl nitrate is one of the best-known salts of uranium. It yields 
•uranic oxide (UO3) when gently igniteef ^ 

The chief use of uranium is at present»,in the^ manufacture of 
yellow glass and glaze. For this purpose, sodium uranate is often^ 
employed. But the demands of the glass and ccraVnio industries 
do not provide sufficient uje for the comparatively large amounts 
of uranium obtained in the radium industry.. Great hopes have 
been based upon the extensive use of uranium in the steel industry. 
Much 'nas been written concerning uranium bteel,^ but the reports 
are somewhat; contradictory. Uranium steel was actually empWyed 
during the war (mainly in Germany^.for the manufacture of large 
guns. It still feems doubtful whether uranium steel possesses 
any properties which cannot equally well bo obtained by the use 
of special steelJ containing (5ther metals, but'ii, would appear at 
least to (fe^^apable of being used 'is a gSod substitute? for other 
aifoy steels. 1 The uranium is added to the steel as the alloy ferro- 
uraniuU, •made by hating the blac^okido of®uranium and oxide 
of iron wm^^carDon in' the 'electric furnace. Same difficulty was 
met with at first id proddfciijg a feiro-uranium with a sufficiently' 
low carbon-content, but the manufreture of an alloy of iroh and 
uranium'in nearly eqfUal, proportions afld with a carbon content 
of lefs than 5 per cofftr ht,s now«been achieved*m*Amenca.^ 

> C.fr.‘Pvs«M, J. IH- En^- bhem. 9 (1917), 466. ‘ ‘ 

* £. rolushkiii, Reif. Met. 17 (1920), 421 ;* H. W. Gillet and E. L. Mack, 
f'. Irul: Ehg. Chm. ? (19^),'342': E. RolJshkirJ Cam. Schol. Mem. 10 (1920), 

• B/ M. Keeney, Bv^. Amer. In4. Min. Eng. 140 (191%), 1321. 
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Uranium carbide ?is^ been tested ^ a o»«alysf for the producti^ 
of ammoni^ by dii^ct combin»tten oi n^rogen radfcydrbgen under 
* pressure, and long as th6 tifo ^asfe,, are guite’pure it is very 
efficient; tl^e carbide gradialli? becomes^ cjfnveAed'io niwi^e, imt 
this change actually renders ji, more efficient,«ince it is accompanied 
by “ crumbling ” and con8eq,>'3nt increase of thfi active sufface. 
However, the catalyst is very^liable to “ poisomng ” if the gases 
used are ijnpure, and is not usgdio practice at tn€epresent^tiig,e. 

Uranium has been used to a very small extent in photowaphy. 
An ordinary bromide print, with a cold black ima§a consmin’^ of 
Djetallio silver, can be given a warm reddish colour by immersion 
in a solution of uranyl ferricyanide, or—whgit is equivalent to it^ 
a sblution containing both uranyl nitrate and jlhtassium fcrri- 
cyanidfe. The silver reduces the uranyl ‘ferricyapide, and red-^ 
brown uranyl ferrocyanide—which is insoluble—is deposited where 
the silver \^as before. Ihe sacie solution is also,uJed aS^an “ inten- 
sifier ” for the Ifeatment of thin negatives, tl»e uranium ferro- 
cyanide image being more Opaque to actinic rays than the corje- 
sponding silver image. , ^ 

Sensitive printing pajiers containing uranium salts—which are 
decomposed when exposed to light—are easy to prepare, but are 
not used to any appreciable extent. 



GROW»VIIa 

Atomic Weight. 

ivianganeso • » • • • ■ • • 54’93 

Element between molybdenum and ruthenium 

(perhaps? Ogawa’a nippo7iium), about . . 100 • 

Missing Ejemenl between tungsten and osmium, * 

about.188 

# 

Of the possible dements of Group VIIa, (jnly d!ic, manganese, is 
known with certainty. The gaps in the Periodic Table evidently 
represent two rather rare elements, an 4 there is little doubt that 
these gaps will be filled. It is indeed quite possible that the lower 
element, which should fall between moly&lcnum* and ruthenium, 
may bo represented by a new element which Ogay a ^ claims to 
have found in thoriarfito and molybdenite, and to which he has 
given the name Nipponium'. This metal is said to resemble molyb¬ 
denum fairly closely, and exists in two states* of oxidation. The 
higheqoxide is analogous to M 0 O 3 , and has apidic properties, whilst 
the lower one has a basic character. The solution of the chlqride 
seems to bo yellow-green in colour. The salts are precipitated by 
ammonia in presenob oit &mmoniffm chloride, the precipitate 
obtained being'soluble in caustic alkah. The equivalent weight 
appears to be qbout 50, which would suggest an atomic weight of 
100, andjjjiis would cause the elomcDt to ff|lUnt(5*i;he plaje between 
iMlybdenu^ and ruthenium. ' , • 

This desoAption nipponium, if qpnfirmcpi, would appear to 
fill the lower g^. Aoothqr obser\er 2 had incfependently found 
evidence (Sf*wnew ejement^i thorianite, biif; had ascribed it to the 
tin grofip. The* properties assigned* to it, however, are generally* 
similar to those ascribjS by Ogawa tf) nipponium, rand it is probably 
the same elensent. ^ • . » • 

There remains tKb (JueStiop of the element between tungsten and 
osmju|p.. jChis appeals to bdundiscovered, although a new element 
—to wl^h the nafne C^amfftum w|a applied—was reported some 

• ‘ iM. Ogawa, Set. Tokyo, 25 fl908). Arts. 1^, 16. 

* » 0. de B. Evans, Trans. Ohem. Soc. 93 (1908), 1566. 
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years ago to fiaveijeeMounu m » (ji»|j/mii}n><ore ifi British Columbi^.* 
The prop^ies d^ribed diffSr from* those b? tiippdnium, and 
resemble aath^Hi^iose of the m^tals’ot 'the pl^tinufo. gronp. How¬ 
ever, the v^y existence of canadium is,e#treiiifely^.loubt4u^ other 
investigators having feiled^o find it ir,.the«8ame ore. , 

JVe are le^, therefore, will - manganese as bcin^ the only n“ cer¬ 
tain ” member of the group?’'It will be •oiyrejiient at this point 
to call attention to the generj^ ..i-nilarity betwoeifinangaj^eso and 
the metals of Grq^ip VIA. As in that group, coloured compounds 
are common. The full valency of manganese ^ven) fstbiil^ 
leached in one class of compounds, which, although sarprisin^y 
stable in the solid state, are powerful oxidising agents in solution^ 
classes of compounds corresponding to lower valencies, namely 
six, four, three and two, are known, the lat^r beingj^he most stable^ 
On the other hand, manganese has much in common with iron, 
which stands on the other side of it in the t^ble. ?^ot only are 
many of the manganese compounds very similar t» the corresponding 
compounds of iron, but also'magnetism—one of the most remarkable 
features of iron—is msst with in several materials containing man¬ 
ganese. Th» boride (MnB), phosphide (MnP) and two antimonides 
(MnSb and MnjSb) afe distinctly magnetic, whilst certain alloys 
•containing mwganese, copper and aluminium (or tin) have re¬ 
markable magnetic properties. 


* A. (J. French, Ghem. News, 104 (1911), 283. 
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jVlANUAN4iSE 
Atomic wcighl 


54-93 


The«MeJaI 

P\jre* manganese is a grey-white metal, capabl'o of taking a good 
polish*; itj)ossosso3 a faint but distinct reddish tinge ; the presence 
, ofrearbon jcnders it rathJr darker. When pure it is not hard enough 
tt) scratch glass), but the presence of carbon and silicon increases 
the hardne.ss considerably, and mo.st samples of manganese aatually 
Scratch steel. •The melting-point of the pure metal is probably 
about 1,260°«C. ,Tt is quite volatile at temperatures a little above 
the meltin^point.^‘In this respect mangane.se prtsents'a contrast 
to the highly refractory metals of tin; lasf group. The specific 
gravity is 7-4. 

• The finely divided metal oxidizes qui^k]y when exposed to the 
air, and must be preserved under oil. 'The epmpact metal does not 
suffer any noticeable change, even when exposed to a damp atmo¬ 
sphere, becoming no (Jpubt protected by an invisiBle oxide-film. 
Heating in air, however, causes rapid oxidation. 

No doubt on account of the obstructive nature of the oxide-film, 
manganese reacts slowly with cold w-ator, and much more rapidly 
with bdiling water. If immersed in a dilute tilcid—even acetic acid 
—it evolves |jydrogon» very readily. * 

9 - 

Laboratory Pregaititioji.® It is ptissible to deposit mabganese 
electrolytically fi»m a cool aqueous solution of manganous sulphate 
containing a trace of free acid.^ If too much acid is present, the 
current cfficieifcy is very low, praqtically^ijl current being 
employed liKthe production of h/:lro^en. If too little acid is 
pif^ent, the diposit is^spongy, and contains much hydroxide. The 
current'defisity must he.rathpsr high ,##9 as to cfegreSs ^he cathode 
potential t*i»tJie value (aboiit — l-l volts ^ required fot the de- 
•position €if the mfltal. It is noteworthy that a considerable deposit 
of furry brown mang^n&e dioxide i# often formed during electro¬ 
lysis orf the apode. 

Although the elehtrolytfc method of producing manganese is of 
considera^ile iijterest, the prpiuc^^ is darl| grey, powdery, and tends 
to cohtaiiYo’xide. B a m^erc){iy cath^d is employed, a manganese 

‘ G. S. van ^red^%au^«C. G> Maier, Tnms* Amer. EU^rochem. Soc. 33 
(1918), i09. 



amalgam is obtainfcdc^ ofi disfi'ling off Jbe*n*rcury'in vacuo at 
about 250“ C., the jiiMganest^ is saii t^ be left behind as a fin^y 
divided pyrojSkqJic powder.’ 

However, where mangaffes% is required iff any .quantity, <Jly 
method* of prepdJ-atiqji are p.'eferable. Ihe^netal cin, for instance, 
be prepared by reduction of the oxide with aluminium according 
to* the “thefinite reaction’’.j/ but the product obtained by this 
method usually contains about per cent, of’alfintijiiun), although 
the quantity can be reduced if CKe mixture employed for the*rcaction 
contains excess ot manganese oxide. Rcduotiojy, with A!|wbon 
yields a metal containing an appreciable^ quantity of jthe lattdr 
element. A purer product is said to be obtained by reducing tie 
dicfxide in hydrogen under high pressure (160 fftmospheres) al 
2,500‘*C., but naturally sjwcial apparatus *is required for this 
method.* 

Compounds 

The compounds of mat^anese correspond to the five oxides, 
MnO, MnjOa, MnOj, Mn(| 3 , and Mn^Ov. The first two oxides are 
basic, the last two acidic in character, whilst the middle oxidd 
(MnOa) has both fcebVe' acidic and feeble basic propert&s. There 

• is another intermediate oxide, MiiaOi. 

k. Compounds of Divalent Manganese (Manganous Com¬ 
pounds). 

The oxide, MnO, ^s formed when any of the higher oxides are 
-gn^ted in hydrogen. It is pale green in the anhydrous condition. 
The correspondin.g hydroxide, Mn(OH) 2 , is? formed when a man¬ 
ganous fialt solution is made?Mkaline»\yth *aiistic soda; it comes 
down as a white precipitate, but quickly becomes brown when 
exposed to the air. owing to the formation of the higher hydroxides. 

The uianganUiis s^s areJormecl by the actiorf of tjie appro¬ 
priate acids* upon mang 9 ,nesT; or manganous hycif&xide. The 
solutions, and in many ci^s the solid salts, have d jiink cololtr. 
It is, howeved, qoteworthy»^at the ^inteqaity of the jfink’ colour 
, of a given’ salt often varies considerate in different aanples, some 

* ha^ng a very noticeable roso'hpo, wbifst other safnples of the same ' 
salt may appea^r colourless. * The more 1]jtensoly coloured pre- 
parations’^obabjy pwe tlieir.abnormal eoloiy to a, trace df man¬ 
ganic salt. It has been suggestei) that ^uife ftianganous salts are 
really colourless f but it i%more \ikely,that even pufe nquiganous 
salts possess a faint pink tirft,^hd that^the^appdrently “'cqlo&li^ ” 

’ Guntz, Bull. Soc. Chim. V y 892), 275. « 

• K. Newbery Ind J. N. Priug, Proc. Boy. Soc. 92 ^A] (19^6), 277, 

*. * I 
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samples, which hat e oey^n describetl frob tmd V> time, contained 


samples, wmcn naie oey^n describetl trom tmd V> time, contained 
' a‘trace ofinick#! wilt, the ^een caljur. of tie nickel masking the 
pink colour of the mangantjus talt/ • * ^ 

‘ 'The sulphate, MifeOj.TfljO, separafes in pink crystals from the 


'P^he spiphaie, MiroO-.TfljO, sep%ra1tes in pink crystals from the 
soluti<?n of the ftietal ot th*e,hydroxide in sulpjiurid*acid*wh9n cooled 
fieloi^ 6° C. Other hydrates with ^^,’4 and 5 •molecules.of water 
^ are known ; the penti^hydrate, fon instance, is usulllly obtained 
wheij the, crystaiii 2 Ji.tion is t^jjducted between 7° apd 20° C. 
* The nitrate, *Mn(NOs) 2 .CHjO, is'hygroscopic. The chloride, 
Mn®^,.*J:HjO, j^obtained from a solution of the hydroxide in hydro- 
dhloric a^id. When heated in air it evolves chlorine, to some 
. eitent, ail oxide bein^ produced. The anhydrous salt, however, 
?an be obtained by heating the hydrated chloride in a current of 
hydrogen chloride. ‘ • • 

Manganous salts have reducing properties, especially in the 
presence of’alkaSi. Manganous sulpihate„for instance^ added to 
ammoniaca^ silver«nitrate causes a precipitate of itfetallic silver.^ 

The insoluble manganous salts are-obtained by precipitation. 
Of* these the carbonate is a white precipitate, turning brown, 
'through qxidation, when exposed to tlvj air. Tha phosphate 
is a pink precipitate. *». • 

Manganous sulphide, MnS, is obtained when an ammoniacal. 
solution of a manganous salt is treated with ammonium' sulphide 


in the presence of ammonium chloride. It usually comes down as 
a pink precipitate, but under certain conditions this slowly changes 
to a green form of the sulphide. The velocity of the change depends 
on the concentration of manganous salt and ammonia present.® 
The conversion seemi to proceed best in the presence of rather 
concentrated and ,di*tincjlj ammMiiacal solutions. The pink 
form is also converted to the green form when heated in a current 
of carbon dioxide or hydrogen sulphide at ab^ 320° C. 

Com^l^ids of Trivalent Mtin^an^ke (Mangaific Com- 
•* pounds)« 

Mangaflic oxide, MnaOn. is fornwd when nvui'gapese dioxide 
or manganotia nifraty, carbgiiato, or oxalat(j is ignited id air below , 
* 940° C. ;• it is tften obtained* as ^ (»rown powder. If the t'em- * 
perature rises abovQ ^Jl)° C., furthA oxygen is pvolved, and the 
oxide, MiijO,, js left^ The hydroxide is proj^uc^sd by^tihe hydro- 
^ lysis «f the corrcspdndfn^ snlph&te, and is a brown precipitate ; it 

* Y- 4fa«ri, BoU. Chim.,Farm Ss (1919), 20t; Abstract, tf. Ohem. Soc. 116 
(1919),?!. 481 • V* 

, ® V. •M.VRschar, J. J{viig.*Ph^s. (Jhttn ^Soc. 46 (1914), 1481 (.4bstract, J. 
Ohem. ^c. 108,(l915)^ii.*#42), dascribe.s in dftafl the conditions which should 
bo obsarved to obtain the green form. • 
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ean also be prepare ^^rough the oyidization of a solution of msm- 
ganous chlpride cqptaining atrfmoma ^d ami*6nium Ohloride fcy 
bubbling air ttiipugh the Uqu^.i °I1:3 for^pula*MnO^OH) has 
been assigned to the hydrc&ide, but in°tbp precipitated ^orm lie 
water-caitent is" natwally^^omewhat yariahle. 

^anganic oxide" has weak >,asio properties, bUt the saltp are 
unstably, tending on the one«lft.nd to hydrolyze^ and, on the other 
band, to-become reduced to mai^uous derivative.^, The oxjde— 
IS commonly proi^uced—dissolves only slowly in sulphuric acid. 
The sulphate, Mn 2 (S 04 ) 3 , is more convenientlj?,produile^ bjr 
IjCatingo the dioxide‘(MnO 2 ) with sulphyj'ic acid, oxygen being 
evolved. The product is separated from cjccess of sulpnuric acid 
on a porous tile, and may be washed with nitric acidl The sulphate 
is a green solid, yielding a violet solution, tvhich, Ijpwever, readily 
suffers hydrolysis, yielding the brown precipitate, MnO(OH),* 
mentioned,above. Certain liouble salts, notabljl the*c8Bsium and 
rubidium alums ^e.g. Cs2S04.Mn2(S0,)3.24H20),'*which'have fairly 
low solubilities, can Be prepared in a pure state ; they form pink- 
red octahedra. '> , 

The question of the •existence of the correspondinfj chloride,’ 
MnCls, is discussed larter. 

■^C. Compounds of Tetravalent Mangartese. 

When manganou^ carbonate is heated in air at a comparatively 
low temperature (2.50° C.), it loses carbon dioxide and takes up 
oxygon, the black didxide, MnOs, being formed. The samO oxide 
is produced in a browiv hydrated form wheiiimanganjjus hydroxide 
is treated with i&i oxidizing, agent, „sucfi jis chlorine or sodium 
h 3 q)ochlorite; Again a hydrated form ot the dibxijje is precipitated 
on the anode when a hot solution of manganous sulphate is elec¬ 
trolysed. , - ' « , 

The ctiiSxide enters l^adily 'into the state of collo^ai’ solution. 
Colloidal solutions arc imdiS’ certain conditions prodi^ed when ike 
dioxide is obtainet# througli^the oxidation, of a manganous salt 
^ solution, but arc wiore convemently prepared by ><56 reaction of a 

permanganate. Thus fairly’^lute potassium permanganate 

* (j V .3 ^ ^ j 

when treated at 50^100° C. with concentrat^ ammonia fields a 
coffee-brown “sol” of manganese! dipxi3e,‘although if a ccacen- 
trated solution" df the peHnan^anattf is eny)loyed the dioxide is 
thrown down as a brown prs^pitate.^ ^ ' * * 

* J. Meyer and R. NerliAh„^ei««*. ^Iworcf. ttilfm., 1*16’(1921,), U7. 

• E. J. Cuy, if. Phya. Ohem. 26 (19^1), 416. 
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.^When solutions tontivyiing gompbundS of^tajent and heptava- 
' lent man^nesd; !(«• instai»ce‘manganese ^phate and potassium 
I permanganate, are mixed tpge<her;in.thepre8encts^Ci#an*electrplyte, 
si^h as potassifim nraate, 4inc sulplyite^ or copper sulphate, a brown 
precipitate is obtained,; fl^ precipitate conJainsHelravalent man- 
gane^, and may be regarded as Ji 3 ^ated manganese, dioxide, 
, although it usually cgntains potaifium, zinc or tsopper. The 
reaction can c’xpressed, ^0 ^ 

3MnO + MnjO, = bMnOj. 

The* precipitaW. obtained in the presence of copper sulphate has 
hjpen des(J'ibed as “ copper manganite.” It' seems probable that 
’ jt is merely an adsorption product. The function of the electrolyte 
appears to be to bring about the flocculation of the colloidal solution 
j)f manganese dioxide, which is the first product. ^ * 

The basic^ properties of manganese dioxide are somewhat feebly 
developed.I When,heated, for instance? with sulphuric acid, 
manganese dioxidb evolves oxygen and pasees into solution, man- 
gajiic sulphate (Mnj(S 04 ) 3 ) being formed. Srown solutions of the 
,disulphate, Mn(S 04 ) 3 , however, be obtained by the anodic 
oxidation yf manganous sulphate in the prtjsence of sulphuric acid ; 
the disulphate is very soluble, and difficult 'co isolate in the solid 
state.^ , • 

In cold hydrochloric acid the dioxide dissolves with the evolution 
of some chlorine. A brown solution is obtained, which probably 
contains a certain amount of undccomposed tbtrachloride, MnCL, 
but would seem to contain chiefly the trichloride (manganic 
chloride), MnCls. WJien the solution is heated, more chlorine is 
evolved, an(f on evaporation manganous chloride (MnClj) b the 
only solid chloride (tbtained. If, however, instead of being evapo¬ 
rated, the solution is cooled in a freezing-mixture, saturated with 
hydrogen chloride and treatetl with potassium ^loride, a dark-red 
double sait,MnCl3.2KCl.HjO, is ob^aned it, the solid st^c. Deri- 
vjj^ives of the tetrachloride must be* obtained in dnother way. 
When pot^dered potansium permanganate (KMi '04 or KjO-MnaO?) 
b dissolved in “«glacilil ” acetic acifjf reductioiKoccucs, a brown 
solution cCiftiining <derivatii,Ves of trivalen# and tetravalent i^an- 
ganese teing obtained. Whdh hydrogen chloride is passed into 
this sol^f^on, the unut^te double chloridn Mn/;)l4.3KCl, js, produced 
as an almost blackyarjrstjilline precipitate.’’ » * »* 

•Oift of the most easily produced salts of tetravalent manganese 
is tbe^daublc iodate, Mn{fDa) 4 . 2 KIC)'j or K 2 []!lln(I 03 )e], which 

< ’ P.'B.'l^arkat and NiR.’Dhar, Zeitsefi. AtiSrg. Chem. 121 (1921), 136. 

* H.,SetB, ZfUsch. ElMiochent 21 (1916)3 496. 

• R»J. Meyer and IK. Beat, Zeits^. Amrg. Chem. 22 (1499), 169. 

# • « 



is produced as a* Vowi-vWet fiwcfer’when mangane^ 
dioxide is Jreated. jwtn a iiof'*'solu6o{>*' of iocSrf Jfcid Jontaming> 

* potassium iodafe.^* Its coraptoatjfi’e ^b’lity iy, no dbubt (ynnected 

with the faci^that it is conf^f tively in^yljfble. • ^ • 

The a<Jidio chafaete* of rjfjingane* djpxide is more pronounced, 
thap the basic character, but ^ manganites, as the salts levied 

• with bases are termed, are most^ insoluble. *Tho brown precipitates 
formed when hot solutions of yc' ?pium permaifg»i.i|ate pjan- 

. ganous sulphate are mixed in the presence of a salt of a heavy 
metal have been described as “ manganites,” but«fc is ddfjbtful^ 
wj;iether»they represent definite compouiyis; they are yrobablv 
adsorption products. More characteristic manganites are obtained 
froni the manganates (the derivatives of the higher^xide, MnOj), 
which are comparatively unstable except* in alkj|.line solution. 
When a stream of carbon dioxide is passed through a solution of 
potassium njanganate, th* marganate decompose^ atid a|)otassium 
manganite> K^ftfhjOiBor KjO.bMnOj, appears *08 a yellow pre¬ 
cipitate. Manganites Ire also formed by oxidation from the lowjr 
oxide. When hydrated mt^ganous oxide is oxidized by air in the 
presence of calcium hydroxide, or is treated with bleaching powder 
containing excesa of lime, calcium manganite is produced. 

• 

£>. Compounds of Hexavalent Manganese. 

• 

j Derivatives of manganese trioxido (MnOj), known as the man¬ 
ganates, are formed when manganese dioxide is fused with a caustic 
alkah under oxidizing fionditions, or in the presence of an oxidizing 
agenft For instance, if manganese dioxide is mixed wi^i potassium 
hydroxide and pofkssium nitrate, and the jnixture is heated to 
fusion, a green mass is obtained. This yields a greeji solution, from 
which the green salt, potassium manganate, KMnO,, can be 
isolated by crystallizatjon. The manganates of tE^silkali metals 
are, however, rather dl’iScult lo prepare pure, being* extremely 
soluble. They are powerful oxidizing agents. 4 •• 

The manganates ^.g. KalSfoO,) correspoi^fcrin formula to the 
sulphates (e.g. KjSO,), and it is not si^rising tp*fipd tl^at potas¬ 
sium manganate is isomorpbfjus wiyi*^otassi&n»suIpiat«, and, 
according to some authorities* \odium manganate witt sodium 
sulphate. 1 'The solubliity•relations of tl\,e fefts are alsd itather 

* J. O. Gentele, y, r'fofc*. C’Aem, SZ (ISBJ;, 6», elaimeu to nave isolated 
sodium manganate, Na.MnOj.l0l5,O„in erysf afc isomorphous <Hth Gibber's 
salt, NajSO,. 10H,O. But R. Fuiik.^er, 39 3w6, suggestaithat the 

crystals obtained by Qentele clbtually Hbni/iited of (jiftiibeg’s salt, mth ’some • 
included manganate solution. * Fsuik failed to isolate tlie mangaaate* from 
the solution. * 

M.C.—VOL n. 
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' ‘ ‘I ' Or, ’’’ ■ 

similar, th6 manganiit^s of t!^e alkalint-e^/hvnjetals being nearly 
i,ilisoluble.j- I »; ^ - > 1 . , 

Solutions of Abe mangajjjates a^ fairly stable iiv<the presence of 
free alksii, bijt bfjcome unstable ii^aciiificd, a permanganate being 
^rodiiced, together with inanganese dioxide or a 'ma'nganite. Even 
carbon dioxiderr-aa has been stated 'above—^an bring ^bout this 
change, the green colour of the sofi^^ion changing to deep red fdue 
to the pqrmangawate), whilst a^ brown or yellow precipitate (the 
dioxide j appears. 

Sinte, theicefore, the manganates are decomposed so readily 
by acidsj^ the preparation of the free oxide (MnO,) is clep.rly one 
Of some' difficulty. ll is commonly described as being present 
'"in the pink fume evolved, along with much carbon dioxide, whan a 
solution of potassium permanganate in concentrated sulphuric acid 
“ is dropped on to dry sodium carbonate. But an investigation into 
the subject-*has indicated that the go-called “trioxide” obtained 
by this method is really an impure hydrated p snnaiiganic acid.^ 
The trioxide must therefore be regarded as being unknown. 

Compounds of Heptavalent Mang^anese. 

It has been stated that the manganates ahs stable in the presence 
of alkahs, but that when treated with acids they tend to pass into 
the permanganates', derivatives of the heptoxide, Mn^O?, the 
dioxide (or a derivative) being formed at the same time. This 
change Can be expressed thus :— 

o SMnOa = MoaO, + MnCj. 

When, howe"er, an 6xidizing agent as well as an acid is added to 
the manganate aoluti.m, the mango nese is converted completely 
to the heptaval mt condition without any precipitation of dioxide 
or manganite. Permanganates are also formed by the oxidation 
of a manganous salt by lerfd peroxide in presence of free nitric 
acid an(f a\8alt of an alkali-metal- The'permangana'tes can be 
jUbduced fran metallic manganese by ^electrolysis of caustic alkalis 
using the' manganese os anode ; if t^e cathod^' is of platinum, and 
a little caicjym flydroxide ig’added to the solution, a film is formed 
over tho cathode, and this fi'm prevents the cathodic destructioit 
of the permanganate moduced at ll.e anode.^* ^ _ 

The' deep purple-red solution of^ a ^rmSng^n'ate Jjleposits the 
solid salt when cojlentlated »nd cooled. Potassium perman¬ 
ganate, K 5 Jn 04 , forms long rhomb ,>0 prismsy .very dark and 
possessing 'an almost‘metallic lustfe,; 'its solubility is only about 

’ % «• '• 

^ F.^. LoiilMhe&r, mk^ch. ^norg. Vhem. 8? (1913), 97. 

» Henke and^'O W. Brown, J. Fhy%, Chem. 24 (1«'20), 608. 
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4 per cent, at 15° it^;an ^ily ,be obt^iflec* in a pure state by 

crystallization. * • »° * 

• All aolutwnffi.of* permanganate ate powerful ojridizine agents. 
They convert ferrous salts toi'orr|c and reMly (ifestroy man^orgaqfc 
substances, oxidiang tjjom to carbon.dio^id^» When the oxiSation 
occurs in,,thc presence of acid-'., permanganates beaome reduced to 
manganous salts; in neutral *!)r alkaline solutions, on the other 
hand, manganese dioxide is prod; egd, which i<bt4f possesses a slow 
oxidizing power. Several of tlie reactions are catalytical^ aided 
by the presence ot lower manganese compounds, ^for in»^Kce, 
in a waijn acidified solution, pennanganatp^oxidizes oxaljp acid t 6 
carbon dioxide. At ordinary temperatures ^the reaction “does not 
start of its own accord, but can bo brought about, witiiout wanning,* 
if a manganous salt is added to the solution.* Of course, when once 
started, the reaction proceeds more quickly, since inanganous salts* 
are actually formed in /he change. In other cases, manganese 
dioxide has* been inoticed to cause a catalytic ag.;elerafion to the 
oxidizing actipn of pennanganate. 

The oxide, Mn 207 , from which the permanganates are derivetl, 
can be prepaj-ed by adding pure potassium permanganate to sul-" 
phuric acid (diluted uptil it has the composition, H 0 SO 4 + H^O), 
ijnd heat'Pg the green liquid to 00-70° C. A violet vapour arises 
and may t?e condensed in a well-cooled receiver, a heavy dark-green 
liquid being obtained. The oxide decomiposes when heated above 
70° C., often with explosive violence. It dissolves in water, forming 
a purple liquid which no doubt contains jwrmanganic acid. Tlie 
heptoxide is a very powerful oxidizer ; and a violent explosion 
occurs if it conies ipto contact with oi'ganic nfhtter such as alcohol, 
ether or* even paper. The .jorrespoft^ing sipymanganic acid, 
HMnOi, is more stable. The solution is easily produced by adding 
sulphuric acid to a solution of barium permanganate, and filtering 
off the barium sulpliate. ^ When the solution, which* has the colour 
of the permanganates, “is al^owld to evaporate in am- violet-blue 
crystals of permanganic acjd, always mixed with fcrown lowW 
oxides, are obtSiinea.^ , • * ' 

MenganeSe' hcpt^cide^s fairly soluble in conccntraj^^ulphuric 
Sold, a green liquid being oHainedtwIffich turns*to the familiar 
violet-red colour of j)ermangani#acid when di^^. It is«suggested 
that the gre^p liqujd may cpnttyn a basic sulplmte, op the'aifcump- 
tiop that the oxide, MnjOj, has feeMe basic properties. The basic 
sulphate has not been isolated, but a 4;p8lc chloride^ MtiO/Dl, is 
obtained by adding absolutely!dry sr^um chtoride to* tfe‘green 
solution of potassium p^mangaftate in ‘(^ilcentrated sulphuric* 
' M M.*P. Muir, Trans. Ohem^ Soc. 91 148S. 
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md. The* basic shlbr^e distils aWay a's a ^Seijish vapour, which, 
il led through ta tiibe surrpuilded by a frefein^ mixture, condenses 
bo a green-brcmn liquid, jwilfc an uftpleasant fchldrine-like odour.' 
tf. is alj 6nce<hy(k(Ay»3d''by wateij. hydrochloric and permaneanic 
»cids being produced, ' 

P. Intermediate Oxide of Mail^pnese. 

The oxide, interme(i^.te between MnO and, Mn^Os, is 

Eonncd*' when either of the other oxides is heated in air above 

or iq<>xygen above 1,090° C. (the pressure is assumed to be 
760 mm,). It is a rejldish-brown substano?. No derivatives are 
itnown. ■ When treated with cold concentrated sulphuric acid it 
jdelds a mixture of manganous and manganic sulphates, and'ftiay 
thus be looked upon a« a manganous-manganic oxide, MnCfMnjOs. 
On the other hand, hot dilute sulphuric acid only partially dissolves 
it, mangantjus sulphate being produced, fvhile the dioxide (MnOj) 
is left behind ; this would suggest the forpmla iMnO.MnOj. The 
red oxide of manganese is by no means-the only inorganic compound 
wliich behaves as though it possessed^ two distinct constitutions. 

' Analytical 

The wide range of colour found among the manganese compounds 
suggests numerous ttsts for the metal. Manganous compounds 
are oxidized to the green'’manganatc when fused with potassium 
nitrate ; the green solution obtained on dis.solving the mass in 
water becomes deep purple-red on being acidified, a permanganate 
being formed. Quite small traces of manganese in other l^odies 
can be detected by boiling with nitric acid ant} lead peroxide, the 
pink colour of a pt^mfangqnfcte being>observed in this casd after the 
excess of lead peroxide has settled to the bottom. The perman¬ 
ganates evolve oxygen when treated with hydrogen peroxide in 
acid solution; Wcoming reduced to manganous salts. 

The matwanous salts give a ^h\te precipitate * mth sodium 
Hydroxide, which darkens when exposed to the air; they yield 
a flesh-cotoured precipifate with amipenium sufpjiid'e ij the presence 
of ammopia^, A trace of manganese salt pised‘in a botax bead^ 
the oxidizing flame imparts <an amethyst colour to the bead; the 
colour being proba,bly^due to marfganic borate,, In the r^ucing 
flame*the colour disappears, manganous ijprate being no doubt 
fornred. e . o 

Mtiinganesp is not precipitated from an acidified solution by 
sulphflrqtt'ed hydrogen^ a^d thusall the metals (like lead and 
•mercurj) which, are ljjrecipitate(Nunder Jhese circumstances can bo 
8epa;^tecl ff om ill: Under* ordinary‘circumstanoiM, manganese is 
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not precipitated hf aW'onia in the preaencwiof a^pmoniumbhloridev; 
^ but if other»n;etals (ire presftnt^^hose hifJroxideVaft thsbwn down' 
under-thdse conijitions, for infftance, ferric *^ron,* chrofiium qr 
aluminium, the.precipitate wfll tarry dowp. nfith if a ^rtaintuajouflt 
of manganese, lltoreorer i^n,ir has ‘access to the solution, highei* 
oxides of'mapgane^o—which aji less soluble—wilPbe precipitated 
to some extent. Consequents^, the separatiqn^of iron and the 
other metals from manganese ky mimonia is neveresomplqte, eind 
the* precipitate mu^t be redissolved in acid and the metals pre¬ 
cipitated with ammonia a second time. The two filti^tes are^aiied 
together* and should-^-if proper precautioi»s have beenj taken-* 
contain nearly all the manganese, free from iron, chromium and, 
aluminium. , * 

Much w'ork has been devoted to finding a moje satisfactory 
method of separation based upon the use of some precipitant, which, 
being less sttongly^alkaliift thao ammonia, will bejess likejy to allow 
of the precipitation of manganese hydroxide. If irfn and aluminium 
only are to bo separated from manganese, they may be precipitated 
as basic acetates. Suffioieiat sodium carbonate must fir.5t be added 
to give a slight opalescence (so as to ensure the ncutralizatita of any 
free acid present )t and •the slight precipitate is afterwards dissolved 
’frith a drift of hydrochloric acid. Excess of sodium acetate is then 
added, and the solution is boiled. All the irfin and aluminium are 
precipitated, whilst practically all the manganese remains in the 
solutiop, although, even here, most analysts, for accurate work, 
prefer to repeat the precipitation.^ • 

If Jthe solution contains no sulphate, the jron, chromium and 
aluminium may be»removed by a su.spension of bariufh carbonate 
to a neutral or faintly acid solution; •iron, lAromium and alu¬ 
minium come down as hydroxides, but the manganese remains 
in solution. The op'ratiou must bo conducted at»ordinary tem- 
peraturest eqd requires*,s»mo hours, frequent shaking being advis¬ 
able. The nfethod is said io be more reliable than^he acetatg 
method when aluminium is be separated frcx^i manganese.. 

Having r^K.ovedj^ron, alumfftlim and«chrp»nium,<we next proceed 
’ to remove zinc, nickel afrd cohalt. ThcSisual method ftf^paration 
of these metals depends on tdo.diffehont conditions of formation 
of the resppQ^ive^sulphides/ In the presence^of ammonia^lji four 

’.See, hoirever, A. Mittasoh, Zeitsch.*AnjC. '(7Aim.’42 (1903), 492f for 
particulars of a siugfe-precipitadon method* , , 

’ For details see F. P. Treadwell,*" A'nalytfcal Ctieuiistry’';*trJin*Iat1on 
by W. T. Hall (Chapman & HeJI) So^tt, " Standard K^hqds of 

Chemical Analysis ” (Crosby, Lockwood^. The dinjrmt H«[)aAition processes' 
are conveniently brought togetneieby A. RiidSiule, ^Naahweissf BeStinfteung 
und Trennung der chemischen, ^emente i' (Haupt). • 
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wlphides jire precipitated by hydrogen sulj^idef Zinc sulphide— 
the most', inso'iufeie of tlTo Jour—‘.lah bo prepipijatrd from a 
3pld solution contaj}iing |lee aceffio acid (or ev^n a' trace of free 
iifiphi'.rlo aci<4); "if tijo, filtrate it tten treated with excess of 
immonium acetate—Which serves to i,reduct the hydrion concen¬ 
tration—nickel and cobalt sulphides may also be jjrecijAtatedtby 
hydrogen sulphide, (at 70-80° C.):' Manganese, however, still 
•emeina ih so'fition in eithere(r:us«, owing to the comparatively 
?reat solubility of manganese sulphide. Jt can afterwards 
be 'piSsipitatJS as sulphide from a solution containing excess of 
jmmonis{,t ' " * , 

The sulphide can be ignited in air and thus converted to the 
jxido MiijO,, which can then be weighed. If, however, a large 
5 [uantity of sulphide is present, the conversion to oxide by heating 
presents difficulty, and it is better to redissolve the precipitate 
in acid, aiji to reprecipitate the niet&l as''carbon^'jto, which readily 
jfields the oxide'MiijO, on ignition. The-final ignition must be 
jQnducted in a porcelain crucible entirely surrounded’by the flame 
M a Teclu burner. Otherwise the njsidue may contain more 
axygen t'lan corresponds to the formula* Mn^O,. 

On account of the possibility of variafibn id the composition 
of the oxide, some authorities prefer to treat the residue with suP 
phuric acid, excess of’which is cautiously driven off by placing the 
jrucible inside a larger crucible, which is then heated to redness; 
the product is cooled in a desiccator and weigRed as the anhydrous 
mlphrvte, MnSOj.' - 

'The methods of separation given above are somewhat trouble¬ 
some, and quicker methods^ are needed for technical analysis. If 
manganese is presAit in ntutral solution as a manganous salt, free 
from other oxiflizable substance, the amount can be determined 
roughly by titration with potassium permanganate in presence of 
zinc sulphate. Under these cir<j’imstaRO“s, manga,nf86 dioxide 
yWnOj), or Amanganite, is precipitated, and by observing how much 
permanganate must be added beforW the appearance of a pink 
colour shows it to be' prc.sent in extfes, the an\-f,unt of, manganous 
salt presdnU^oan bs calcuk''.cd. •' , , ' 

For estimating the amount*bf roai^anese in steel, a rapid method 
is often, used, which,-may shortly ?ie (k-scribed.* -Tho steel'is dis¬ 
solved in sulphuric $icidj and boiled with nitcic''acid ahd lead per¬ 
oxide (free from mkngancsef, which oxidizes the manganese to 
permlinganic acid._^ The excess of,lea(f peroxide is filtered off, and 
the per^tianganate datermiteU by fttration with hydrogen peroxide 
whiclf hfls jreffijuMji bean standa^^diied against permanganate 
' F. A. Gooch and M. Auatini Zeitach. ^Ajtorg. Chenh 17 (1898), 264. 
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of known strengtli.’ variation of .the p 5 <jc^s tlepends on the use 
of potassiuip bismuthafb ineteg.fl of Ihacl peroxiS* ;*the J)ismuthat»< 
gives.more cerlaijresults, arid b8 ol^tained^raorff easily free from 
manganese., 

Manganese, bids lead- and Jiialliun*, b(^t urjike most other metals, 
cap be deposited by electrolyc.i^on the anode, as an oxide. H van- 
tage may bo*laken of this fcx^t in the estimation of manganese. 

If a hot nolution of the mangwiqyi^ salt, cont^itflng sodium acetate 
and chrome alum, is electrolysed for 25 minutes, a roughened* 
platinum dish being used as anode, and a rotating^rforal»jd*disc 
^jeing employed as cathode (the reversal oljthe usual arrangement^ 
the manganese is completely thrown down^as a hydrated dioxieft., 
A fairly high ourrent density is needed so a.s to make the anodlb 
potential suflieiently positiv(\ After the el(*ctrol,^si.s, the dish is 
dried and then strongly ignited. 'I'he inanganes(! dioxide (MnO,,^ 
is thus eoyvcrted to M»i.,() 4 ,,tho colour changing* from deep sepia 
to reddish-browil. W^ien tlu^ deoxidation, whic^ is rafher slow, is 
complete, tiie dish ^s weighed. The process is, however, not 
completely .satisfactory, ajid it is didieult to ensure that the ojSde 
weighed has.the exact ceinpositioTi MiijO,. 

The function >of tlnf chrome alum in the anodic preefpitation or 
' mangane,s.3 i.s of interest. If it be omitted the coating of peroxide 
is apt to be brittle. Apparently, the chrome alum .serves to restrain 
the evolution of oxygen in bubbles, which would cau.se unsuitable 
physical qualities in the peroxide deposit. In the place of the 
(ivolution of oxygen,gas, th(! chromium salt becomes oxidized to 
chijjmio acid. Other oxidizable substances- such as alcohol— 
can bo used inste,p.d of chroinf. alum. 

Since most other metals aM not caSit^ dcf>o^ted ujwn the anode, 
it might be thought that electrolysis would provide a moans of 
readily separating manganese from other metals, e.g. iron. Such 
a .separation is pjssibh‘,/>ut is not quite exact, since \then manganese 
dioxide is ]^)recipitated ar^odiially in the pre.sencc j)f iron, small 
amounts of ferric^ hydro.vde are liable to come iown witlf*it. 
Ammoniunj acetate and fonsio acid are j^dcFod^to a sdlution con- 
Taining iron anu miyiganese as sulnhatcs,,and JJje*solution is 
eleotrolysod at ordinary ter.qjgratiB’e for 5 hoiuts without stirring.** 
Themat^anesp is deposited dioxide on'Jhq anode, and is after¬ 
wards ignited and,weighed ps MnuO,. * The iron .is de’pSsited as 
metal on the cathode, but, since it i8^1il^l5»tci»contain Carbon, it is 
best not to weigh it direatly, but tef tlissolye it oneg mqre ,in acid, 
and determine it volumetrjqplly.^ 

1 C Engels, Zeilmh. ilel^ochm. 2 ^1890)^413; "3 (1897), 2M. 

G. P. Solloll,<y. Amer. Chem. S^c. 25 (1903),*1054. 
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< Xhe. inf,nganese of the (original rook magma,, has crystallized 
out in^aV parts^of the rt^p^, but matnl^ in the copiparatively basic 
portions. Thus many analysts of giibbros and diabasfe show 
O-l-Oj^ per cent, of manganese, ujbilst those of gj;aniM usually 
, show quantities below 0'f)5 per cent.' 'lin either case, the manganese 
doesjiot occur, Vof the most parih, i,n special manganese'minerals, 

' nut tends partially to replace other metals in common minertfls, 
of whvKi it i*.‘aot an essential constituent. For instance, many 
samples of hornblende. contain O'5-l-O per‘cent, of mailganese, 

• afthough others oontaiji only a trace; the manganese atoms— 
where they ocoilr—probably replace a similar number of magnesium 
or calcium atorjjs, plajdng the same part in the crystal structure. 
In garnet, again, manganese often partially replaces iron, and in 
some varietfes cfisplaces it altogether. IVi addition, manganese 
is often present kn the thermal waters that arise from igneous 
masses. 

llVhen rooks containing manganese findergo weathering, the 
manganese, readily passes into solution ;' the dissolution occurs 
' most easily in the presence of acids such as ‘oUrbon dioxide or sul¬ 
phuric acid (the latter derived from the oxidation of .pyrites), ' 
manganous bicarbonatt or sulphate being then produced. If, 
subsequently, through contact with basic substances like limestone, 
or through other causes, the water carrying manganese ceases to be 
acid, tljc manganese will generally be precipitated as carbonate or 
hydroxide, which maj^ afterwards become dehydrated, yielding 
the oxide. Thus we get the minerals, a 

t. < -I. 

Rhqdochrosite . . . MnCOa 

Pyrochroite . . . Mn(0H)2 

and Maffganosite ' . . , ilVfnO , 

AlWof these ydnerals are liable to su'nse 
oxidation. .Eh'odochAisite is also foujjji ir 
‘ ores of other motate, having bfcen deposited 
I waters. , 

Far the njore common .factor, howVer, in causing the prfcipita- 
tion of vianganese from* splution is the pfeserfee gf ox;^gbn. The 
higher,oxides of mar|apes3 are jess fcasio thaif manganous oxide, 
and the effect of dissolved o%gen in tl^e water will be to throw 
down oVe' of the highbr hydrpxideS. ^ Here, again, the minerals 
wijl oftcnllose yater dwiSig Subsequent ages. Thus we get such 
minerak as. 


squent change through 
i vciffs, alon^ with the 
from rfScendmg thermal 
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Of these pyrolusite is the ifibst important of manganese. 

^ince the manganese is usually precipitated fairly rapidly frorff 
the solution, it is natural to find that the minerals a^in map.y sases 
earthy,, brown, amoi^ihous substances. Ij other cases,, however, 
firm masses are met with; braunite and l^ausmannite form cofii-. 
pafatively hard crystalline aggregates of a darl» brown coloifr 
and sub-metallic lustre. P 3 Tolusite is softe^, and is black, with 
metallic lustre, crystallizing in the rhombic system*; polianite, the 
other form of the dioxide, is tetragonal, isornorphoiS with rutile 
(TiOj) anfi cass]lterite^(Sn02). 

Very favourable esnditiens for the precipitation of manganese 
occur in bogs and .shallow lakes. Where waters rising in Kills 
composed of jgneous rocks containing manganese, pass inljo a swamp 
or lake, and reijiain ^agnant or only slowly moving, the oxygen 
ihas plenty of time to diffuse into the shallow layers of water, and 
higher hydroxides will be formed, perhaps* at first as a colloidal 
solution, but finally as a precipitate which will sink to the bottom 
of the lake or pools. In this way earthy “ wad ” or “ bog-ore ” is 
produced. 

It is, however, necessary to point out that iron is leached out 
from rocks by w^pathcring under exactly tile same .conditions as 
mangarlfese, and is also liabU*to bo dhjjositijd ,^as ferric hydroxide) 
through the action of dissolved oxygen. The .manganese ores 
referred to above almost always contain some iron ; but fortunately 
the precipitation of mos^of the iron occurs—as a genSral rule—prior 
to the prec'rpitation olE mangaViese, and a considerable separation 
of the two elements takes j^ace. It is, however, obvijus that m5hy 
other substantes may bo rfleposited wit)j>the mangaViese. The 
flfcme “ p^lomelahe ” ^ rather loosely, appUed^ to* imjjwp hydrated 
ores of manganese, often enrthy. .Some variettes contain much 
bariuD^wothers z^nc, others aguin cobalt. 

The mbs^ imj^rl^nt deposits of manga^e orQ occur* in the 
Caucasus, India, Brazil, the United States, d^ba, and Spain*; the 
ore is also found hi the Sin»i Peninsula qnd in West Africa, , 

Some manganese ores are? cp 5 ^inly.rjsidual iiV origin, rejrAenting 
the remains of the weatjered igheous rock left on»the aftc* 
the water has d«neXts work.* Certain !&razmaii%nd Ifldian cfiiposits 
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are of this charactei*, bui^flearly only an igneaurfreck exceptionaiUy* 
in man^ane«) wll leave^usfcful (ftps afte^ weathering^ 

«■ The niiijeral * , 

» , f Ffjinlflinit ^, * (Ee,Zn,]Vtn)0,t{Fe,Mn)20s 

which occurs in New Jefsey at tfie junctkm of Kmestone and granitic 
dykesf is of more importance as an ^ of zinc tlian manganese, 
'and the discussion ^ffits'mode of origin may be deferred until the 
pection drating mth zinc. 

Technology and Uses 

, ' 

, 'rieiore me war, the greater part of the world’s demand for 
manganese was supplied from the Caucasus and India, with smaMer 
amounts from Brazil itnd Germany. The cutting off of the Russian 
{Tnd German supplies from Western Europe and America in 1014-— 
coinciding wV;h as exceptional dornanc^ for ^lie metal for armaments 
—was the l/ccasiop' for great effotts to develop Lhe ore-fields of 
Brazil, the United iState.s, Cuba, and Spain, and the production of 
theSo countries increased in a sensational planner. At the end 
6f the war^thc demand for manganese dropped very mjich, and the 
' industry iff all the.so countries declined, in .spite pf the fact that 
production at the Caucasian mines was at a standstill—owing to, 
the unsettled state of the district.^ ’ ' 

Manganese in Steel. By far the largest demand for manganese 
has always been due to its use in the steel industry. For this 
purposg, alloys containing both manganese, pnd iron, which arc 
called ferro-manganese when rich in manganese, and spiegelejpen 
when poor, aSo utilized. They are produced bjj the reduction of 
a mixture of iron ayd‘man^Anese oit!;—or of manganese ore con¬ 
taining iron—wilSi fuel in a blast-furnace ; occasionally an electric 
furnace is used. ^ It is desirable not to employ too high a tempera¬ 
ture, owipg td the volatility of mangan^fof The prpijuetion of 
these alloys is discussed in the .section qn iron. ' 

^mall quantities manganese are added to s^eel as a deoxidizer. 

. Larger quantities pre added tp confer<«pocific qualjtie.s op the metal, 
which is thiK-fenown ps im-nj/tinese steel. Manganese steel possessSU, 
f'extraordinary toi%hne.ss. ‘ 

During the war, o>vi»J; to the shoftage^of high-giade^ma;,ganese 
ores, sfiegeleiaen w£^ often used where thq rich alleys (ferro- 
^ manganese) had bdjn msed Jjeffcre. In so far as manganese was 
required »s a deoxidizer, the Shortage vnas partly 'overcome by the 
substititjen of oth^r elpm^ts (titnwiiiim, etc.) which have an 
affinity for oxygen. ^ 

. * ' > Mljlaney, /nd. 28^(1919), 442. 
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•'^anganese in* Qopper Alloys. Uviganese is ^.iso a con-_ 
stituent o4t4e aUi^y k^own agVnaifgaftese biWae, w]^ch is roalijf 
a brass conteimng manganese an'^ wually^ iron* and |aluiuiniuni» 
besides (see VoV IV). ^ Ifl addition ma^^ane.fo j,.' use<k s«aall 
quantifies in otfier alloys coppei* si^h aa nichronie, Monel metal 
8uid Gretmai^silvCr, its maia function being apparently th%t of a 
deoxidizer,^ and possibly thfet of a desulplnirizer also. « 

Certain copper-manganese ^lb.;».s containing*a’larger grojjprtion 
o# manganese are used for special purposes. Copjier containing 
4-6 per cent, of manganese retains its strength *.*»markill)ly well 
4 it high temperatures, and has been foundivery suitable dor fire-box 
stays 2; copper-manganese alloys have also been used For turbine* 
bfading.^ The alloy known as manganin,''^ which contains about 
82-84 per cent, copper, 12-1.5 per cent.'of mayganese, 2-4 p^r 
cent, of nickel, and 0-1 per cent, of iron, has some importance in 
the prep^iyatioii of resiStanos noils, owing to tJ(o*fact'that the elec¬ 
trical resistancifi.s alipost independent of the t«npera?ure. 

Permanganates as Oxidizing Agents. Several of the (jom- 
pounds of nianganefe, have considerable industrial importance. 
In order to prepare ’manganates and permanganates from, 
natural pyrolufitc, flic oxidizing action of the air is made use of. 
If, for dnstiWice, a mixture of sodium hydroxide and powdered 
pyrolusite is roasted for some days in,a flat pan, the latter becomes 
largely converted to sodium mangaimte. By extraction with water, 
and subsequent treatment of the dark green liquid with carbon 
dioxide, a concentrated solution which contains permwiganate 
as*well as manganate is obtained. This solution has strong oxidizing 
and disinfecting" projxirties,, attaclyng organic bodies generally. 
The solution can be sold, without sepift ation iff the constituents, for 
use as a deodorizer and sterilizer. 

Where a solid (Oxidizing agent is demanded, po|assium perman¬ 
ganate ».generally pApare<\ as this crystallizes better than the 
sodium salt. In that casfi caustic potash is heated ^ith pyroli^ite, 
and the aqupous•extract from the product,"which Toqtains chiefly 
,potassiuin*mangjinatc, is iftiHified eiUier With sriphyric acid or with' 
carbon dioxide, ana** then boiled. »One-third ^of •tll^ manganate 
is niduc ed to manganese dfijaide ^or a manganite) and*the rest i# 
oxI3ized 40 ft 'permanganate. The solutViiI is filter^ |ree from 
manganesfe diofcidli, and ctaporated upliy cooling it deposits 
'crystals of potassium permangaliaje. ’ ’ 

‘ A. F. Braid, Trans. Amtr. Min. ^Sng. 40.(1919), *371.' « 

* E. F. Law, “Alloys t»jid rtwir Indiifcl.ria'*Aju)lication ’’ (C^iillv/. 

= W. B. Parker, ir(191J), .'>3.^’^ ♦ • 

‘ M. A. Hunter Md J. W. Bacon, Trans. Amsr. jEkctrechtm. Soc.^6 (1919), 
323. 
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Jn the me^tnod just (Jespfibed one-third of tl^e taunganese retijpis 
ftsk ^^le state^of diosifle and jreqhires^oxidafionj ^ In^C*ie works, 
(therefore, oxidation of ijian^amte to perman^wiate is carried 
out’.electW)lyti«V^y^ ruanganato ^lufion, -sjitlioot addition 
of/ioid,*is introduced into lijp allode couRpartnaent of a cell divided 
by a pyrous diaphragm. The cathod#»compartment c(jfitainB dilute 
^Ikali. Iron or nickel electrodes can't* used, the anode becoming 
in eac|j oMe»qui^ passive. Wheji^ jurrent passes the maoganate 
becomes oxidized to permanganate round the anody ; at the catho(te 
hydrogqA is evolred, and the alkali solution becomes more concen¬ 
trated. L(»w anodic current density favours n. high current efB-, 
eiency, but even under the most favourable circumstances, a con- 
si(!erable fraction of the current is wasted upon oxygen-evolution. 

^In addition to jts use its a deodorizer and disinfectant, potassium 
permanganate serves as the source of other manganese compounds ; 
when reduced*l)y fSilphur dioxide in acHl solution, mangapous salts 
are obtained,*Whilst«reduction in neutral solutUm yields forms of the 
dioxide which are more reactive than natilral pfrolusitc. • 

.Manganese in Glass. Manganese dioJtide is considerably 
jused in thejglass industry as a decolorizer. * As already’ explained, 
its function is twof(5ld. Firstly, it serves to oxiSize tJho iron present 
from the ferrous to the ferric state, causing the deep ^ee» of the 
ferrous comimunds to be* repjaced by the less intense yellow-green 
of the ferric compounds. Secondly, the violet colour of the man¬ 
ganic compounds produced serves to mask the yellow-green colour, 
being roughly complementary to it. Many kmds of native pyro- 
lusite are quite suitably for use in the glass-batch. Manganese'is 
also added in larger quantitie| both to glass an(t to glazes as a 
colouring matter; W confert. a violet colour or a dark brown, 
according to the (?omposition of the glass, the state of oxidation, 
and the amount added. • ^ • 

Manganbse Dioxide in Primslry ClJlts.' The•*(Oxidizing 
pro]*trties of mynganese dioxide are also*utilizcd in the Leclanche 
cell, the so-cslled “ drj^”,form of whichjijnow ma'hufaottu'ed by the 
'million, bein^^used*for electri# torches, bell^ telfl^(honelj*and fon 
“.ignition purpos(»i. * The \#!tr(i “ dry.^’ is really a misnomer, fftr 
& the cell wqjre truly dry„it would bR#nactlve. It contain^..how¬ 
ever, no ^ee liquid, but'taeyely a moist pa^ty mixture ; cell is 
thus available for trjilspoJt witljout 'fear of sfiilhng. A section 
of a dry cell is shown in Fig. *19. The i|jangane8e.(lioxide mixed 
with granulated* carbon fusuall^y^both ^aphite and petroleum coke 

» C. M. JVeld, U,S. Bu% Mihe):, B*U. 173 (19^),n6 ; i.'. L. Ordway, Trans. 
Amer. BUctrochem. Soc. 17 (1910), 341, • 
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are used) is pa^ed .tiglftly round.a carbo* »o3'whfeh forms the 
positive electrode ; the qiixtve i« contained, i^ a zfnc canft^y 
which form^he%*egative i*)le,^but»is iept from cemin^ into actuaJj 
contact with thi zinc by aela^er of absorbtnlIp{ipeR,,pu]^j5oarc^*or, 
in some forms‘bf c^ll*canvas. Tlhe \^ht)le is ke^t moist*with a 
solutioi) of ammonium cnloride, often mixed wth zinc chloride, 
as the zinc sffilt is found to Efsrfuce the local corrosion of the idetallic 
zinc, hygroscopic substances j uch as caldluia chloride are also 
sometimes added to prevent *ahy danger of the vditer e^aptflating 
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altogether.^ Above the mg^anese dioxi(J» mixture ceftnes a layer 
. *^f sand ^ sawd'hst, j^hich acts as ap oxpansioii cljspjbcr for any 
gak which may be produced^* the t»p*(5 the cell is se^ed with pitchsj 
«-WiihnB the c§l^ produces a .surrent, the ai^c .enters the ionic state, 
forcing bj^t hydrogbn <?n tq the granular carbon of the porous 
mixture, which hydrogen is quicjdy reftioyed by intcfactm with 
the manganese* dioxide. > When fresjj the cell sl^ould yjeld 1-fii 
volts, but if the cell is cSllp^gf upon |o furnifSi a powerjul* current, 
hydrogen begins to 9 ccufculate* 6 n the cafjjfSi ap^ the E.55[.F. drops 
far below thativajue. In%, good cell, howev*, the* E.M.S'., should 
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recover quickly i!’tliie*cell is avowed to lest 
•clearly necdjsary^tl}^ the mangane^ diqxid* 

^active vakiety. ^ * t * * 

Very nuJch reseajch ^ork has been devoted to the study of the 
depolailzing benaviour^df*diff^ent forms‘of^ mahganese dioxide. 
A'slightly higher JI-M.F* can be obtainccrtjy using artificial dioxide, 
but tffe natural pyrolusite is generaJli' used by celffeakers. ifp 
till the war, very, piirt pyrolusite from the Caucasus was generally 
empldyec?; but Vhen this supply^a.? cut off, it was found possilje 
to usg n^terial^ith 2-3 per cent, of iron, without*loss of efficiency.* 
It'is geVierally considered best to hav^e the maiiganesc dioxide in a 
fahly coarse, but porous, form, and to mix it with comparatively 
fi*e carbon, so tljat a conducting coat of carbon is formed over eabh 
grain of dioxide. • • • 

•Innumerable patents have been taken out for special forms of 
artificial manganese dioxide— or niixtufcs containing the dioxide— 
designed foi»uso ag* depolarizers in dry cells. Asffar as one can 
judge, the inventors appear to have bc«n aiming at tjvo separate 
goals ; some have sought to obtain the dioxic^e in the most reactive 
form possible, and others to obtain it in fhf most conductive form 
•possible. 'Jo some extent these two desit/erojft arq irreconcilable, 
since high reactivity demands a porous form with large surface area, 
whilst high conductivity^ requires a compact material! * 

All the materials used in*the cell must bo free from elements 
like copper or arsenic, which, by producing local conosion couples 
on the zinc surface, would cause the cell to deteriorate on keeping. 
For th^ same reason, it is important that the manganese dioxide 
and carbon slgmld nolf include particles suliiciently small to pass 
through the porous lay*r, and come kjto contact with the iinc. 

Even the bestgiclls which can be produced under commercial 
conditions ^ do, however, deteriorate on keeping, especially in hot 
climates. Whese^ells are likefy to be stored for some time, before 
being used, the so-called “inert” t^pe of cell is to b(fpreferred. 
ThieHype is tr^y dry, being quite free from moisture as it leaves 
the factory,* and as lAig as it remaiqjijlry it eSnnot deteriorate. 
"'When aotua^^j'eqfiircd for u^, water is po^ed ifl through a hol^ 
^ the top^ and is taken up I5J‘ the maj^rials within the cell. The 
cell is then qioist and active, like the ordinary form of “ 
and is ca^)rfble of yiel3irfg g current. , * ** •* * 

Manganese ComftoKnds as»“ Driers.” ^ Manganese com-’ 

* ’• . • • 

' “ Main»aoele, 1913-1119 ” (Imperial Mmere^ Resources Bureau), page 11. 

* ComparvF* Kainz, ChMm.%Zeit. 45 (J9zlJ, 6Q8. 

^ See L. E. And^, Dryii% OilSj^BoilM Oils an^i Sol'i and Liquid Driera ** 
(Soott, Q?ewwoofl). * 


; to ^ensure tnis ii is* 
should be of a hijEly 
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pounds are freqi]f»tlx acMed t« paints and vafifilheS^aa “ driers.” 
Tli^ryin^of linseed'and gim^r oik is partly MidaAon procftss,. 
the oxygen^ thb'air being ahporhed'into the fikn tt? form solid 
oxidized substahces. Thq; presence of dai^lys^ or* “ oxygen 
carrier, facilitaifts the process. A# is irtflally the^case, it ft those 
metals \j'hich possess more\liai,i one stable oxide w^iich are effective 
as oxygen-ca'Mers ; lead, cobjM’t and manganese salts have afl been 
used as friers. Manganese K rate, formcfl ^y. precipitation, is 
st^Jl largely used for this pulpdiic, as is also tht? dioxJtle.* But 
organic salts like manganous rosinate and mang^ous U^o]eate 
have cgmo into favour ; they have the advantage of being Soluble 
m the oils in question. 

Manganese Pigments. One or two compounds of manganese 
have value as pigmerit.s. Barium mahganate [Gassel green) 
is a fine green powder, formed when the dioxide is heated with 
barium niliate m air, Itut ibis not much used^n*w. ''A hydrated 
dioxide {mangrmese b^own) is sometimes utilized as an inorganic 
colouring material in’tho dyeing of fabric. It is formed in situ in 
the folloAving way. The faj;)ric is steeped first in manganous sulphate, 
then in caustic soda ; ik is then wa.shed and dried, the yianganous 
hydi'oxide precipitated within it becoming oxidized on exposure 
to the a^r. pie colour is not very satisfactory if used alone, but 
if other oxides (e.g. those of iron and chromium) are precipitated 
at the same tim(% quite fine tones are produced. 

The Umbers an^pigments made from certain naturally occurring 
iron-manganese hydrpxide ores, which are ground, levigated, where 
necgs.sary, and then usually “ burnt.” Buriit umber is a cheap and 
permanent brown pigment of good covering power, a’.d with careful 
burning, rich tones of browA’can be'^btaiAdf, which vary rather 
amongst ores of different origin. A fine quality 'of umber comes 
from Cyjirus. Umijer is also used in the raw (unburnt) state. 
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.224 • # 

family of rare earths, 223, 227, 
252 

metal. 26(^ , - • * ^ 

sepyatiffa from^rare earths, 230 * 
technology and uses, 287 
terrestrial occuvenoe, 228, 263 
Chili lalq')etro, ^2 
China-clay,*185, 206 ' 

,Cfocoite, 3t7 t 

Q-xroiAates, 309, 3^8, 320 
Chromates, uso in makhig hypo¬ 
chlorites, chlorates, perbor- 
*' ates, etc., 43, a4, 172 
Chrome tanning, 319 
Giromo yollo’^’ ana chrome rod, 
321 • r 

Chromite, 316, 31fl 
Ch*emium, analytical, 315 
^ compounds, 303 
metal, 301 

technology’ and uses, 317 
terrestrial occurrence, 316 
Clays, 140, 185, 186, 205, 206 
Clay-slate noodles, 246 « 

CoBlestino, 147 « 

Colemanite, 170 

Colour of ceramic materials, 216 
Colour of glass, 65 
Colunil^te, 297 i 

Columbiuin, f>ee Niobium. 

C<yicrete, 142 * 

Cornish stone, 20b i < 

Corundum, 187 ^ * 

Cryolite, 187, 189 t 
Cyanide, 46 

# ♦ 

Detergent action of soap (theory), 

63 

Dif<;J5ir8.gm‘processes (for alkali), 

. s ^ . 

Diaspore, 185 i 
“ Didymia.”j^-. 
dolomite, lOo, 123 • 
iDriers, for oils, 285, 382 
“ Dry " cell, <880 « 

Duralum|^,^93 , 

Dysprosjum, 219,'224, ^ 

si^Trthenjyare, 204, 213 
Eka-tantf4^,*270 
Electric^lan^ filaments, 217, €35f 
* 345 


Electrical purigcation of'clay, 209 
Electrolysis process for alkali, 34, 
-.fS ^ • 

* foKaluminiufif,’189^ 

H for calcium, 1^' « 

♦ fort:h]^rates, ^3 ^ « 
for hypochloritdfe, 41 
fA'tnagn^ium, 110 

I for perborates, 17^ ' 

perchlorates, ^ 

I “ Electron " (alloy), 112 - 
y Ebjctrostatic dust precipitwion.SO 
j Elmore vacuum flotation process,* 
I 333 
! Emeralds, 9’^. 98 
Emory, 201 
Enamel, 68, 247, 255 
Engobe (ceramics), 217 
Enzymes, in fat-splil»’g, 52 • 
Epsom salts, 110 
Erbium, 219, 224, 235 
Eurfpiur^, 219, 224, 23^ 

Euxonite, 228, 35^> ♦ 

■ Evaporate^, multi'ple effect, 23,33 

• « 

; Faience, 204, 213 
• Fats, irt soap-making, 50* 

, Felspar, ?0, 76, 79, 122, 208 

■ Ferberito, ^ 

Ferro-cerium, 268 

I FeiTO-chromo, 321 
’ Ferro-mangnnese, 378 
I Ferro-molybdenurn, 334 
FiTro-titanium, 247 
. FeiTO-tungstent 344 
: Ferro-uranium, 360 
Ferro-vanadftim, 284 
Fertilizers, 55, 77, 131, 135 « 

Filaments, for electric lamp, 297, 

» S35 345 '* * 

Finlay cell (for alkali), 38 
Firing of ceramic articles, 211 
Fireclay, 01, 2^3, 208 
i Flint glass, ^ ^ 

I Fluoroscelico of nraniuAi com- 
I * p^pnds, 357 * 

I Fluor^po compounds, as by^ro- 
! ducts of superphosphate in- 
1 ••dbstry, 132 . « , 

Fluorspa?^! 23 ^ 

Fractionation 8cheme(rare earths)? 

• h\ 

" Frit,” ^for glazir-i cer^nflc ar¬ 
ticles, 2Jo *. -, 

' P • 

Gadolinite, 98, 228 
I Gadolirti![im, 219,^24,233 
I Gajifillfed electric lamp, 350 ‘ 
Gibbkite» 185 
I G]ass^57| • 
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glazes, ^14 • 

Glucinium, see Ber^Aim^ 
Olycelideci, 60 « 

Ouifinet’s 321#* 

12 \ 130^ 

Hafniu*, 237? 23>* 

Half-watt lamps, 350 • • 

Hargreav%6^proces8 (fbr salt-cake), 
49 •*‘> • ^ 

, Hardness of water/54 
Hausmanflito, 377 
Hf>Imium, 219, 224, 236 
HObnerite, 343 * 

Hyacinth, 255 
«aHydrau^c lime, 125, I4i; 

Ufhenito, 246 
“ Iner^” cell^82 

Jona glass, 04 

“ Jiggerii^^i^Jceraniica), 21 ^ 

• 

Kainlto, 70 
Kaolin, 185, 20G 
Kolp, 78 
Kiesorito, IQi 
Kilns, cement* 140 
lime, 124 
magnesia, 108 • 

• Ki’obitz j)roccs8 (for soap), 53 

Lanthanum, 219, 224, 232 
Latorito, 185 
Lead in glass, 59 
Leblanc process, 32 
Lepidolite, 6, 87 
Li^t alloys, 191 
Lime, 114, 124 
Lime nwrtar, 138 ^ 

Limestone, 122, 124, 140 
Lipase, 63 

Lithium, analytical, 5 
compouiids, 4, 7 • • 

metal? 

•technology and xises, 7 
terroftrial occurrence, 6 
Lithopone, 166^ 

:rjf ^uteciuin, 2^9, 224^ 230 

• • 

Maatear furnace, 48 
Magnalium, 193 
Magnesit^ 106, 

, Alagnesium^ analytical, 404* 
compound^, 10^ f 
* metal, 100, 110 
oxide, 102, lOI* 
tecj^logy and uses, 107 
tert^trial occurrence, 105^ 
Hanganese, analytical, 3^2 ^ 


I manganese, bi^^e, 3^ 

♦brown, ^ «. 

i .oompotlAds«365. 
i * di«klde, 367,*37%, 37J, 380, 383 
; ^ in gloss, 06, §80 , 

mcTul, 404* 0 A 
, techacdogy nnd uses, 37^ 
tergjstrilil occurrence, 37b 
0 Manganin, 379 % 

• * , Manganito, 377 
M^ganc%ite#376. 

^i^lo, gas (W^lsbach), 2#0 
' Marl, 140, 208 ^ 

I Mercury cells (for alkali), 39 
Mesothorium, 269^ * 
i Mica, 6,^5, 184, 180, 208, 28.. 
Milk glass407 

Misohmotall, 229, 268, 272, 2*57, 
293 • 

" Missing (dements,” 237, 302 
Molybrlonito, 332 • 

Molybdenum, analytical. 33(> 
compounds, 
metal, 323 

techiiology anoSsea, 333 
terrestrial occurrence, 332 
Molybdic ochre, 332 
Monazite, 228, 253, 263, 264 
Mordants, 200, 248 ft 
Mortar, cement, 142 
lime, 138 
Mottram^?, 283 
' Muscovite, 75 

Natron, 22 

Nelson cell (alkali and chlorine),3' 
Noodyrnimn, 219, 224, 229, 2n 
Noo-ytterhium, 219, 224, 230 
: Nopholino,*21 
Ni|»bi«ni, mialyticell^QO 
L- mpoimd.ft 287 
niotol, 280 • 

terrestrial occurrence, 290 
N'tro cake, 50 ^ 

, Nitric acid, 56 ' 

Nitrogen fixation, 57, 130 
• • 

' Olary ore, FO, 161,•359 
Olivine, Jt)5 ^ 

; Ojfccifiers, 67, o8 
' X)p^ glass, 08 ^ ' 

i Optical glass, 05 
; OrthoclfiiD^ Jp 

; Pandof^it(i 171/ ' 

•Pattronite, 2^3 
i P.;ridote, 105 

I Peri^lic TtfWie, 396 • • ^ 
fftre^atfiLS in connect^n )yit 
I 219« 
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, Pormangena^s. (^7P,^9 
Pormufcit, 54, 203 • 

Pollute, 0 A t 

•rtienacite, 9% , * 

Phospharesfence, of JiilphidfS, 

• 116402 4 4 

of raft} earths, 231 
^ Pigments, barium, 155 
cliromiuin, 320 • 
maitgiuioHo, 383 « 

*Pitchblondo, 159, l|0f4'*9 * 
l^lagiuolaKtit 20, 122 * 

i’lusuT. 130 * 

Plasticity, 205 * 

PUit(?*gUS^, 02 • ^ 

Poliumte, ‘XI ♦ 

,l>tiUux, 89 • I 

l|plylrtilite„70 ‘ 

Porce.ain, 204. 21*1 , ^ 

PoroHity of e<'iamic Inxlies, 204 
l^ortlnml cement, t39 
PotjWHiuin, analytical, 74 
(mbonnUs <i*, 81* , 


Kubidmm, 86 
Hutile, 2<>V 24lr , 

SAtnwiuip, 219|£24, 

^Kamarskite, 228 * « 

{:talt-(i;k<^ 47, 49^ , , 

Salting out ” oi^ap, 51 * 
SapViflficatiftn, 51 
^4^andium, 219, *224,^6 * ^ 
»Jflli4olit^>,'343 . • 

Seaweed as a source of pot|saiijm, 
78 

Seger’s cones, 212 
Serpek’s process, 189 
Serpentine, V05,316 ^ 

Sotting of j)laster and cement 
(theory), 137, 141 
Sheet glass, 03 

iSideritc, 123 ^ • 

Silica in glass, 59 

in ceramic mixtures, 208 
Siiiy’c-<T|fstal bars 

174 • 


chloride. 7f, 70, 7^ 

4-ldorate, 72, 

<^anpouii(is, 71 
cyanide', 45, 72 
in glass, 59 
metal, K'M 
nitrate, 72. 82 
pormanganate, 370, 379 
t('chnology. 77 ^ 

t4'rre.strial oecurnmee. 75 « 

Prascodyniiiim, 219, 224, 229, 233 
J’siloiiu'lanc, 377 
J*uzzolani('materials, 142, 143 
PyrocIi%)itc, !{7t> « 

Pyrolusite, 377 
• * 
Quicklim»“, 114, PL4 ^ < 

• 4 

Kaclium, metal an4 comiioiind.s, 


Single-crystal fdainents of tung¬ 
sten, 3-W 

Slag, basic (in agriculture), 132 
Sing, Masl-furnaco (in»fl'<'eincnt), 
142 , 

Slaked 125 

Slip-casting (cerai0i<-s), 211 
Slip, oolouretl (certtinics), 21.7 
Soa[n 50 
Soda, ash, 31 
caustic, 10, 33, 34, 30, 11 
crystal, 31 • 

Sodium, iirnalgam, 18 
analytical,*19 

borate, 15, 50, 107, 170, 171 , 

carbonate. 13, 25, 31, 32, 37 
idiloride, 11, 2T, 23 
compounds, 10 
cym\ide, 45 
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technology am|u%’s, lOO < 

terrestrial o<’cuiTcn(»“, 159 
Rare earths, analytical, 227 
(<»<.ipoimtls. 2St) 
general, 219 # • 

isolation from miiuTul si^irces, 
229 I • 

, metals, 22o • * 

terrestrial occurrence, 228 
Reeuperativw system « heat 
econoirf^’, 01 ^ . • 

Refractories, 107? 203, ^¥2, 2j* 1 
Regenorativo* system liortf. 


ecodomy, 0(1 
Uhodochm^teJ 376 
Rock s%lt,^, 23 
Rdscoellito, 283 • # 

♦ • * 


j hy{lroxide, ^0, 33, 41 
; hypochlorfte, 10, 41 
: dll glas.4, 59 

•i. etal, 0, 44 
j nitrale, 11, 22. 55 

! peimorale, 10f, 172 

^faftxide, 17, 4/> 
silicate^o, Off 
sidphaw% 12, 47 
; .► mdphide, 13, 17, 49 

feclmology, 23 # « f 
I terres*rialt)cc\ng‘once, 4O 
i Sfitening of ’♦ater, 54 
Soluble glass, 68 
Sol\'ay4^'oce8s (foJtlkali), 25 
Sowl cement, 110 
SpnAie,«246 
Bpiegelei|on?378 
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31(i ♦ 

|boUuiiK‘ue. G • 

Sniwsfvmf. 8alt«, 21, 77, 

‘ ™a<'8 ’■ in G2 

'^tonpwttre, 204, 2U> * 
'^tro^tium, anKiytirj^, 14.’) 
rornpAiuUs, 1|w% ♦ 
inctal, 144 ^ 

tcohnoK*.^aml 141 

t(<rrostriul 14 

Uroutianito, 147 • 

>uint, 79 • 

' linperphoMpliatc " (*f llnu“, 
{waging of tungstm, :440 
>ylviiiift', 70 

• • • 

a!f. 10(1 

'aRiiiiig, 200, 319 
'anhili^e. 297 
"'jintalnru, 290, 

coinpoinicis, 204 
metal. ' 

IcehiKilog^ 

'awing. 20(» ^ 

'erhium, 219. 224, 23.‘i 
Vrra <*ottn, 2(W, 213 


lungalen, imup uiuuiuiiKa, o4o 
metal, 330.^ • 

^el)re,<Ki(|l^ 

•ern^striul (^cumfico, ^4- 
rurkef*rt‘<l oil# 43 • 

rwifclie^^'ocea?, H'S 

LUexitit, 22, 170 
[’Iti'aniurim*. 202 * 

JmOer, 3!^t * 
ia^ujii. annfv|ie*fl, 3o9i 
131 ; % eomjKmnds. 353 § * 

j metal. 351 

li'chnology 4111(1 3HO 
<,* t^TH'strml ocenrreueo, 359 

• Uranium 270 

\'aiia(linife, 2H2 ^ 

-90 \'ana(lium, «iialytieal, 280 

eoillpdUlHls, 272 0 
^ metal, 271 

^ t(‘choology an(l*iseH,^3 

terr(‘Htrial oecftrioiu'eKH2 

• Wnii, :177 ^ 


'herniite wel^tig, 195 • 

'horia (tlioriuni oxidtO, 200 * 

ill eJ(‘( t lie tilanaaits, 345, .4118 
ill gas mantli'K, 2G0 •• 

liorianite, 201, 359 
lioriks 2fl4 * 
horium. analytical, 2(52 
compounds, 200 

nietul, 200 * 

technology, 204 
terrestrial occurrence. ^03 
horv'eitilc, 229 
huftum. 219, 224, 230 
itHnite,.240 

'taiiiuin, analytical, 214 
compounds, 241 
elernont. 240 
t-ochnology and uhos.^O 
torrcstflal^fa-urrencc, 245. 
:^n.s(‘iul cml (for alkali). 30 
•iphyli^s 0 

•iplo olTei^t ovaporatiy, 23 
lona, 22 

ingsU'ii, tftnftyti< al,*til41 
co '^ipoiinds, 338 ’ 


Washing ” of clay, 209 
W.itcr-gluKs, OH 
" Wt'aljicring ” of day, 2(^ 
Wdshach mantle, 200 
Whiting cdl (for alkali), 40 
W’indow glaas, 02, 04 
Withorih*,*! 55 
V\5)lft^rn, 342 
Wollasloiiite. 123 
Wulfcriih'. 332 

\’(tcihium,*210. 224, 230 
Yttrium, 21tf, 224, 234 
yttrium family of nu#^irlli.s, 223, 
•^27, 2.14 ■ 

/('(Jiics. 54, I’oi: 

ZiiK* yellow, 321 
Zirton, 253 * % 

Zirconium, analytical, 252 
compounds, 249 
metal, 249 ^ 
t(s-hnolod>- and iisef, 2^4 
ttfTCsIrffil (X;eifkTe»»«»> 

Z^riilij, 263 • 
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